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RÉSUMÉ Une évaluation entique du statut nomenclatural et, dans certains cas, eg, lement du statut 
(axunomiguec. a ele entrepr;se pour le» champignons thermophiles decrity a ce jour La distinction 
entre elements Liermophiles et thermotolerants sc base sur fes definitions claborecs par Cooney & 
Emerson A, total pres de quarante especes et variétés s averent aptes a real ser un developpement 
optimal à des temperatures elevees. Des recherches tavonomiques complementa.res sont toetefo.s 
nécessaires pour resoudre les problemes residuely la resultante serait une legere redut tion de l'effect f 
du groupe. 

Une croissance optimale à des mveaux thermiques situes au-delà du seuil maximal des 
especes mesuphiles individvalise quelques Mucorales, Lurottles et Spnaeriales, un nombre Imite 
Jd'Hyphomycetes et un seul Agonomycete Aucun Coe;omy.ete ni aucun Basdomy cele n exprime 
celle parhcularite ecologique Les Mucora es recensces sont oos e ements du genre RA commi or ct de 
lent te generique non valde Fc rmonarcor. Riemu or pusillis (espece-typere R} m her sont des 
taxons valides, RA puh sramens se revele un synonyme u teneur de [espece-type La valdite 
taxonomique des R/uzomucor tauricus et Rh nainitalensis teste à confirmer 

Parmi les vingt ascomycetes repertores, Cannon ces therm phil et C oaerommm mesopo- 
tamicum sont des taxons bien définis, Ceci n'est pas le cas des Chaetomium britannicum et 
Cor virgi inn, a statut tixonomique encore imprecis , i| en est de meme pour leurs liens respectifs 
Avec C Lapin Hhermoplulum et ses deux varietes Daet miec thermopetidas est retenu comme 
seul element du genre Dec tifomn ces. celui ern est plus considere comme vongener.que de Fernas 

ts, pour ce dern,er, sewe l'espece-Lype et une var,ete sont admises Le nouveau genre Comiemeria est 
Propose pour rassembeer les autres especes des deux entiley prececentes. C nhe cra. haste cu 
© Dactilmmyes crustacea) est séectionne comme espece type , C cp doc © Themmoaseity 
egip et C acrrucova t Th crustuceus var verrucosts el EH landi) y sont ega ement 
tattaches Ces trois genres ont comme partcularite commune, les caracteres de leurs teleomorphes. 
Cependant, Dacn omnes revele une torme impartaite du genre Pohpueonm Cyonemerta des 
structures conxhiogenes de type Paccilum ces alors que les Pirermeascu ne produisent d anamorphes 
a conidies en chaînes. 

Corynascus heterothallicns et C. theenmpl its sont des ascomycetes a peritheces clos ayant 
chacun une torme imparlatte distincte, respec tivemeat Mu elinphthora therm phata et M. ferguon en 
taison da caractere heterothallique des teleomorphes, tes anamorphes peuvent être soles separement 
sors des recherches portant, par exemple sur des materiaux sabissant un processus d'auto- 
échauflement Metam carpus acho, ces developpe une forme comidienne arthrosporée dont est 
Jepourva M. thermeph lat— Thielavia ninuu var. thermoph tay Les tots Rat ces thermophiles 
sont assacies a des anamorphes de type Paecium ces (T. hy ssac lan vd wide) où Peni ilian 
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J cman inn ct 1 tnermepinhes Le gente Theli reve egalement tron thermogades 
Tr tre sien espece (ype est un ascomycete cosmopolite dont la torme imparfaite 4. remi un 
alabama se rencontre souvent en absence du teleomorphe Th autralirss pour lequel pea 
d' nformetons sont d spon bles et le recent 7h peourtsgui dont certains caracteres suggerent son 
appartenance au genre Chaetomidium 

Le groupe ces hyphomycetes rassemblé treize especes Cependant, ferme um anum 
et desa M cai p turd sont des anamerpags a ascomycetes plus ou moins heterothalliques . us 
peuvent par «onse «ent se developper sans les formes parfustes correspondantes: Miceliophitlr ra 
dic se revele un synonyme de M termopiita Ley taxens maced.nes restants sont firmi dn 
thom phi on seul autre e ement thermopnile du genre Micra ht ra Tm ile « larme parlate 
encore Meonnue et Mahram hed oni an emer: unque tnermophile du genre Valen |o dont es 
mesophues sont assucies a des formes paría tes connues her ap tale sj fa Hagen individua- 
lise par ses leisens myceliennes pe urvues de boucles el a presence d'une forme conidienne de ty pe 
aleuriosporee 

Les hyphomycetes dematies relevent des genres Htome okt Scurdibum et Therme 
Ce dernier se revele etre ane entite zener que assez homoger s et yon eypece type represente le premier 
thermophie avere Hun, ola grisea vor Malte et H anui sa xar cat 0o td afa Sont prope ses ve mme 
S nonvmes Add Lunel a ,espece ype Le genre comporte egalement Thermia as then, 
Th, stellatus et le mesophile Th verrucosus 

Le statul tàxonomisue de Hun vL hvatir pida se doit d être recensiderer, en meme 
temps que les Hin. it grneu var ticrmaidéd et H n ves, récemment place en synonymes ave 
Dandin Harn podus, base sur. Donla horn apisa Ces deax Hunitta sont retenus dans 

.mmedist dans le complexe Sci rafnfttun thermophilan. dans | attente d une redefn,t,en ues statuts 
iaxonomas ess respectifs. $ vial d um ther ophidum s earte du concept generique de S, i tadid ton 
onde sar] espese type $ rgan rasse que Mest pas le cas pur S pd on sitom. Se titi lan lhaltuPio- 
Mimi s est avere correspondre au S Trcrmeplühun sensu tate Hamer ta mere scons vat Hermon [am 
est un synonyme tatenteurde MH give var. therm adea alors que HE. ficoatii var n re est identique 
au H insolens, 

Deux taxons revelent «n statutincertan Miser thermas ah spota Un cami pasihe ^) 
et She la Horm philo en quete d un genre Poss Mppropre D aatre part divers taxons se sont vac 
attribuer des ep thetes speciliques pouvant conduire à confusion au regard des aptitudes tnermophi 
les respectives, Les cas los plus ampes «on. ernent des champ gnons denommes Herm pihitin ou de 
Sey Varlantes et qui sont loin de representer des thermuphiles sur la hase des dehmitions établies 
Exemples | ascemyeete: de/tactonmon therm philo (on synonyme ulter eur cv 4 Hlacrosporunm une 
espece thermoto eranten les hyphomycetes Culcaresporicla theomapt da, G tonne Ha the raph ta et 
Zak on iim oplyli Ge statut (axonomique des deux derniers reste a considerer), 1 oomycete 
Leoniden thy rimnaplulum. te zvgomveete. Mucor therm phuus et enfin la levure End shlastomnecs 
Hern pris a stetit axonom gee non va, de Moanomphatia rfa mopkila est un basidiomycete 
simplement observe dans une loca te chaude et humide, des cus s m acres ont ete egalement 
recenses 

Le binôme Sperorrt hum clHulophilum est un exemple 4 v e source differente de contusion 
Ce tavon ne possede de statut taxe nomiue u au. une sorte [I est cependant frequemment signale 
somme thermophile dans la literature portant sur ses etudes enzymiques des chemprgnons, 
Ces binômes tantumes sunt relatu ment fréquents dans ce type de publications Cette pratique 
préjudiciable devrait être définitivement abandonée 


ABSTRACT A critical resppra sa. of nomencluturas status end in some cases also of taxonomic 
ones Was undertasen for known thermophlhie fungi Distinction between thermophilic and thermo- 
Toserants follows dehin.tons elaborated by. Cooney & Emerson Altogether less than forty species and 
varieties are able to achieve best deve,opment at high temperatures Further taxonoma work is 
however needed to solve residual problems, The outcome wal be a slight redu. uon of the group. 
Opum.im growth at temperatures above the mar mum threshold of mesophiles characterise 
few Mucorales, Eurotiales and Sphacriaes, à limited number of Hypliomycetes plus one Agonomy- 
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cate spes es No Coclomycete and no Basalemseete cevelop such eco ogieal feature Recorded 
Macora es are species ot Rit on tior and the nva xd monospeuil, genus Darn nier. Rhion tor 
Tok iE pe spessi and RA. nifi are Val d taxa Ra paktvtiim tes proved to be a later name tor the 
former The va idits of Rhrem oer taur en ans Ri pa n ger sts aWalls confirmation 

Among Lie twenty oscomyeetes. C arms es th repr da a d Cote t nmm my spor ant 
tar sr Well denned tasa But the status of. Ch'acton un brani end Cn VAMU Wy stu] 
rer aso relations with Ch Tacnnepahim anc its Wo varieties awaits ariication Doc tcm m 
Fin haces v reta ned os the so spec es of the genus, no longer regarded as congenene with 
Tace wasser ths ater or v the type and one varity are accepted À now genos C «ania ts 
Proposed to accomudate remaining taxa of both genera Corneomer e tits tat t= Dat Montes 
MEM atn, SEA ds Ipe spesis C annphacut Perma créer pt sar and © mensi 
(Th nube vat versae and Th tar anas ted are two ether members ot this genus Thes; 
tec genera have in ce nmon the characters o thet teleemerphs. Bat Ducha (recs has a Pi hipa- 
vilam ype anamorph Coonoor vevelop canidogenous structures of the Prenante Wpe wn € 
Thermoascus has no anamorph producing chains of conidia 

Crr nay whe rotlada td C tenus are ele Staton dc ascomycetes having a well 
totes onam pare state n mely Wicca herd nemi pl es ind M. frg as the te eomor phs 
are heterothaadls thy onamorphis could be observed a one in stud es anvolving for instance: sell 
Mated materias: Metis opte alhon es has a well def ned arthroconidial state not developen by 
M. noms tin ce Thicke ta mi i var tacemeplilay The three thermophh ss olor enses have 
vetted states belonging either to Peco imm COT hs dihan fred d orto Pare attent Pomp n 
ehd T momo hus Thudhi also three species) w represented by the widey o sto buted 
Th fer stre wno atamorph dian oiam ated mene eas d est y be seated separately the 
s T deos amented Fh ostiis ana the recent Fo po gunga with fe tures favouring his reocatien in 
Chaetomidium 

Recorded hy phomyeetes compr se thirteen tusa But der monium niamense and two 
My oh path ng are anamorph of a most teterothallie ascomycetes. these coc «thus developat high 
UH peratures w the ut produ, ng respect veescocarpsy Misc rap Ah ra indiatisconsidered a sv non m 
et M momo Other n aeedinicesss lava are ferenteraem term phian the second tnermo 
phil ob the gen, s Wet pl sore nimla pettest stats Is vet unknown and Mullica teat Dna « 
Mee OW Hermophile of a genus whose mesophilic components are associated With perfect slates. 
Trente pa na apr ra hbuligera is unique hy its Lyphee t selosimg septal «lamp Connections a t4 the 
formation of an aleuriosporic state. 

Demutiiceoss thermoph les are members of Han la Seite and Thorne m «cs The 
Vitter is regarded us a homogeneous genas with the ty pe spe es Pharm es hee toga ves bong toe 
first estabhsned thermoph se Hem olt gris var natat and H dieit nt Vat ehe nati re 
Sat armas wer names for the type spectes. Other Anown members ure Thorman ces andere 
Th. stellatus and the mesophilic Th verrucosus 

The taonoma st itus of Z£ anmcola hyulothermoaphite awaits to he reconsidered together 
with Ha ola gree ver Tncrinaudea and H molen recently placeu in synonymy with Scranton 
rompu based on T nal Her pu te both Huic ce are paved here tor the moment ws 
synonyms of the complex $ dermato pending reassessment Sc rabat tnermopn hen 
deviates trom the current co wept of Sera (hascd on $ £4 eda put such is not the case for 
S auton steam Sana dim allah adios proved to match S. ojcrmope tin sense hae Hanttzoli 
PUSH var Une ge ted dupheates De description of Ham ela erisca var ho monda while 
H fuscoatra var nigra is identical to H nolens 

Two taxa have an uncertain position Maor iro) Ind. pura (Rinze eur pus dus?) and 
Voll Mather pail erequinng a more appropriate genus Also severi tata disclose confusing spec Te 
SP thets w th regard to thermophilic ah rues Simple cases refer to fungi with op frets as hormoph 
Gator variants of and thet are not thermophil, Raised on accepted getinitions Examp es, the 
ascomyeete Ae haenmmum cham phian a later synonvm ot fout respire athermotolerant) the 
hyphomycetes € ad arts ore ltat term pit da. Geman tue thermophila and Zach tion thormaph tis tthe 
lutter twe hase yet unsettled status; the vomycete agend um thom phil on, the zygomvezte Maso 
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ti tmoph des and rally the valid veast £d Pasronn: ex Herne ph is Melun phaba theron iphone 
isa Basomysete simp y observed in à warm hamid oca aty similar cases could a so he traced 

The vinoma] Spor rion clita pA aon is an example et a diferent confusing sittaton 
Tretasonhi sno taxe noms status of «ny type altnosgh bemg inl re«uetoy reported as a thermoph e 
in Bier tre related to lung] enzvmi, studies Sash ghost binom a s afe not uncommon „n these 
publ cations. This pract ce be ng a source of erc us contusion should be definitely prohibited 


INTRODUCTION 


Temperature is one of the extremely important environmental variables that play 
a decise re le in the survival, growth distribution and diversity o microorganisms on the 
surtace of theearth The response of fung. to temperature varies between the two extremes 
ot obhgatorily thermophilie through thermotolerance to psschroph.Lc species. However, 
by Far the maonty of known fungi are mesophiles developing in culture between 5 and 
37" C. the psychrophiles extend below that range of temperatures (Dix & Webster, 1995) 

Thermophily has been detined variously with reterence to diferent groups of 
microorganisms and sometimes also within the same group. The response of fangi to high 
temperatures has been the subject of classifcatory schemes successively proposed by 
Amine (1963) Cooney & Emerson (1964), Craven cf ac (0964), Evans (1971) and Crisan 
(197%) These schemes are either based on values ol. minimum and maximum growth 
temperatures alone or, in addition, integrate the criteria of optimum development 

The commonly accepted definitions of thermophile and thermotolerant fangi 
are those of Cooney & Emerson (1964). Thermophily fungi are those that have à growth 
temperature maximum at 50. C or above and a temperature minimam of 207 C or higher 
Thermoto.erant species are those that have a growth temperature masimum of about 
50. C and a temperature minimum well below 20 €. This simple segrepative scheme is 
sometimes difhicult to apply since the response of thermophilie taxa at the minimum 
temperature threshold tends to vary among respective strains. 

Serious consideration ot fungi able to develop only at high Temperatures dates 
back 19/1899 when P. Tuklinsky first reported on à thermophilic hy phomycete incidently 
encountered on à potato inoculated with garden soil The fungus was then grown on bread 
kept at 52-53. C and its thermophilie nature assessed. Tuihlinsky named this hy phomscete 
Thiymomsccs tannins Rapidly, however, this thermophile was successively relocated 
in other genera as deremomella Humeola Monotespora and. Spcdonium: before its 
delnite re nstallment in. Zhermonnees Samlar changes alse characterize thermopnilie 
moulds described in the early decades of the nineties The outcome of such changes is the 
chaotic nomenclatural state cf few members of th.s group in published hterature Absence 
of homogeneity in binomial crtatons develop cases of taxonomie confusion coupled with 
divergence in species concept (Cooney & Emerson, 1964) The final result 15 a partial or 
total meomplete identtication of encountered taxa or names reported being shadowed 

Although Lindt description of Afuzentecor pusillus (as Mucor pusillis) dates 
back to 1886. (here is a general agreement that Tsialinsky (1899) 1s the first to drew 
attenbon to thermophilism among fungi Very rapidly, Miche’s (1905) serious investiga- 
Lon of self heating hay produced the first extensive report on thermophuly in fangi This 
author isolated and studied à range of thermophiles including. Zherniawey aurantatcus 
and Malhranchica comanomca t Miche, 1907) Griffon & Maublanc (19 LL) then introduced 
the first thermophilis Poncium, P dupont, now Zalaronnes the rmophilas It ts only 
several des ades later that La Touche (1950) reported on the new Chactomuan thermophite 
Such discovery generated. much anterest to this group of fungi. substantiated by the 
cellulolytic nature of the new ascomycete, 
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Several pioneer publications then followed on thermophie fungi mhabiting 
soils of temperate regions (Apinis, 1963. Eggins and Malin, 1969), tropical areas (Hedger 
1974, Gochenaur, 1975) and on soils of arid regions (see review m Mouchacea, 1995) 
Thermophilic fungi of habitats rach in organis materials were also extensively surveyed 
and data from relevant publications critically reviewed by Tansey & Brock (197%) Reports 
on less widespread habitats and habitats deserving future mvestigaGons were also consi- 
dered by Tansey & Brock (1978). 

The first modern comprehensive account on the taxonomy, biology and econo- 
mij importance of thermophilie fangi was published by Cooney & Emerson (1964) 
Eleven thermophiles were reported. Smee then the number of taxa developing at high 
temperatures 1$ expanding rapidly [n 1973, Crisan provided a list of $5 names of 
thermoph.lous tungi, te thermophilic and thermotolerant ones, however, only halt are 
thermoph.les in the sense of Cooney & Emerson Craan reviewed in addition current 
concepts about thermoplilism in microorganisms, he then underlined that oar know ledge 
about the physiologi al ability of fangi to grow at elevated temperatures was much limited 
Later Samson & Tansey (1977) prepared a guide to species able to yrow and sporulate at 
45. C, this list concerns eight macorales, around twenty taxa each of ascomycetes and 
hy phomycetes and (wo basidiomycetes. The subsequent list prepared by Tansey and Brock 
(1978) reports 67 species of varieties growing at 80. C or above, a good proportion of nese 
tasa was however not specilied at the species level A Russian compilation of des ript;ons 
and published illustrations of thermopniie tung was prepared by Bilar & Zakhar henko 
([987), 38 species were considered but few are not stri t thermophiles Finally, according 
to Abdullaa & AI Bader (1990). around 70 species detected in various substrates are now 
reported to be thermophilic or thermotolerant 

Cooney & Emerson (1964) monograph introduced new thermophilic taxa 
However, some taxonomie decisions they adopted rapidly proved to be misleading and 
taer deseriptions of novel tava supported not ential analysis. These Limitations triggered 
subsequent studies Several interesting notes thus appeared in the sixties clarifying pen- 
ding problems while expanding the group. Apinis & Chester (1964) described Duct lon i- 
ee rysia Pugh er uf. (1964) reintroduced Thermonnccsy Stolk (1965) assessed the 
tonom status ot Penicidlnan duponta and Thermoascus aeantiacis Agan Apmis 
(1967) clantied generi, concepts of Daon donnees and Lhemmoascus However, mspite ot 
the above and later contributions, not all standing problems received attention Recently, 
Straatsma and Samson (1993) focused on both ini ola proposed by Cooney & Emerson 
(1964), 

The material of this contr.bution was collected while preparing a lecture for the 
Microbial Diversity and Ecosystem Function workshop held at Egham, UK, in 1993 
The lecture tocused on thermophilic Fungi of desert soils, an example of a neg;scted 
extreme environment (Mouchacca, 1995) A second lecture on the subject was later 
Presented at IMC V, this was entitled “Thermophile and thermotolerant fungi .n the 
Middle East. Biodiversity and Taxonomic Reappra.sal" (Mouvhavea, 1994), however, the 
corresponding note suttered some publication delay In tne sametime, the first draft of the 
Present paper was due to be part of a book in the p.peline somewhere m the Indian 
»ubcontinent. Decision was then taken to update and publish the applied last version 

Ihe present document aims to prov.de a sound reappraisal of the nomenclatural 
and in some cases of the taxonomic status of known thermophiles, First to overcome a 
maor difficulty encountered while interpreting published data on this ecological group 
Second to enhance future taxonomie work on its components and, finally, to stress the 
attention on taxa other than those commonly studied for eventual industrial applications 
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THERMOPHILIC MUCORALES 


— Rhizomucor pusillus (Lindt) Schipper — Studies in Mycology 17: 54. 
1978. 


basionym: Mucor pusillus Lindt 
logie 21: 272. 1886. 

= (?) Mucor septatus Bezold in Siebenmann — Die Schimmelmykosen den menschlichen 
Ohres: 97. 1889. 

= Rhizomucor septatus (Bezold) Lucet & Cost. — Archives de Parasitologie 4: 362. 1901. 
= Mucor (sect. Rhizomucor) parasiticus Lucet & Cost. — Comptes rendus hebdomadaires 
des Séances de l'Académie des Sciences, Paris 129: 1033. 1899. 

= Rhizopus parasiticus (Lucet & Cost.) Lendner Matériaux pour la Flore Cryptogami- 
que Suisse 3: 115. 1908. 


= (?) Mucor muriperda Sacc. & Sinigaglia in Sacc. — Sydow, Annales Mycologici, Ser. II, 
11: 321. 1913. 


= Tieghemella muriperda (Sacc. & Sinigaglia) Naumov — Opredelite!’ Mukorovykh 
(Mucorales): 84. 1935. 

= Mucor buntingii Lendner — Bulletin de la Société botanique de Genève 21: 260. 1930. 
= Mucor hagemii Naumov — Opredelite!’ Mukorovykh (Mucorales): 55. 1935 (nom. 
inval., Art. 36.1). 

= Rhizomucor pakistanicus Qureshi & Mirza — In Mirza, Khan Begum & Shagufta 


"Mucorales of Pakistan (Faisalabad)": 100. 1979 (nom. inval., Art. 37.1); Qureshi & Mirza 
— Biologia, Lahore 29: 343. 1983, a superfluous publication. 


Archiv für experimentelle Pathologie und Pharmako- 


Descriptions: Cooney & Emerson (1964); Schipper (1978); Domsch et al. (1980). 


This is the type species of Rhizomucor (Lucet & Cost.) Wehmer: Vuill. The genus 
was reintroduced by Schipper (1978) to seggregate three hitherto known thermophilic 
species of Mucor distinguished by the presence of rhizoids at the base of their sporangio- 
phores. ; 

The early history of Rhizomucor pusillus (as Mucor pusillus) and its long confu- 
sion with the Mucor species studied by Miehe (Miche, 1907; now Rhizomucor michci) was 
reviewed by Cooney & Emerson (1964). The former had indeed often been misidentifed 
with the equally thermophilic, thinly growing and equally common Rhizomucor michel. 
This zygomycete is however regularly homothallic while in Rhizomucor pusillus homothal- 
lic isolates have only exceptionally been found. An excellent account of the morphology. 
physiological characteristics and distribution is provided by Domsch et al. (1980). 

Rhizomucor pakistanicus was isolated from several sources in Pakistan: ground- 
nut seeds and lizard droppings collected at the city of Faisalabad, from a potato field at 
Sialkot and from soil at Rawalpindi (Mirza et al., 1979). It was then correctly assigned to 
Rhizomucor (indicated as Rhizomucor Lucet & Cost.) on account of the presence of 
rhizoids. However no comparison was undertaken with the indicated type species, Rhizo- 
mucor parasiticus Lucet & Cost. Further, in the second superfluous publication made by 
the same authors (simply a duplicate of the former), taxonomic decisions concerning this 
genus introduced by Schipper (1979) were overlooked. For Rhizomucor pakistanicus, à 


number of morphological features forwarded in its description leads to consider the 
fungus as a synonym of Rh. pusillus. 
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The current concept of A/izomucor was however recently expanded to make 
provision for mesophilic isolates also producing rhizoids from the base of their sporan- 
giophores. Rhizomucor variabilis Zheng & G.-q Chen var. variabilis was obtained from a 
cutaneous mucormycosis of a human hand in China (Zheng & Chen, 1991). Rhizomucor 
variabilis var. regularior Zheng & G.-q. Chen represent another agent of cutaneous human 
disease (Zheng & Chen, 1993). Optimum, maximum and minimum growth temperatures 
of the two varieties are the same, i. e. 24-30? C, 37? C and 9? C respectively. The addition- 
nal mesophilic Rhizomucor endophyticus Zheng & H. Jiang (1995) was isolated from wheat 
collected in China; its optimum, maximum and minimum growth temperatures are even 
lower, being 18-28? C, 36° C and 5° C respectively. 


— Rhizomucor miehei (Cooney & Emerson) Schipper — Studies in 
Mycology 17: 58. 1978. 


basionym: Mucor miehei Cooney & Emerson — Thermophilic Fungi: 26. 1964. 
Descriptions: Cooney & Emerson (1964); Schipper (1978). 


As stressed before, isolates of this zygomycete regularly produces zygospores in 
Cultures. This finding led Cooney & Emerson (1964) to propose a specific rank for this 
taxon previously considered as identical to the almost morphologically similar type 
Species. Schipper (1978) stressed however that the general morphology could also be used 
to distinguish both taxa. Rhizomucor miehei exhibits a looser sympodial branching 
pattern with relatively longer side branches while Rh. pusillus produces small bunches of 
Short subterminal branches on the main sporangiophores. In addition the sporangia and 
columellae of the latter are usually larger. s 

Rhizomucor miehei displays a wide geographic distribution (Domsch et al., 
1980). Factors affecting development of zygospores were investigated by Lasure & Ingle 
(1976) and those regulating germination of sporangiospores by Deploey (1992). 


~~ Rhizomucor nainitalensis Joshi — Sydowia 35: 100. 1982. 


This still Indian based homothallic zygomycete was isolated form a heavily 
decomposed oak log in the forest of Pungote, Nainital. It differs from Rhizomucor michei, 
^. pusillus and Rh. tauricus mainly by sporangiospores of varying shapes and sizes: 
Subglobose, ellipsoidal, oblong, reniform, dump-bell shaped, cte.. , 3-6 um or more wide. 

ariation in sporangiospore shape might however be an artefact. _ " 
i According to Joshi (1982), growth is very rapid at 48° C filling half of a Petri dish 
n2 d. At 38° C, “the growth of the mycelium takes place after three days but about one 
in, is required to colonize the culture medium in a petri dish at 25° C”. Rhizomucor 
ainitalensis appears very close to Rh. miehei. 


-—O aion (Milko & Schkurenko) Schipper — Studies in 
ycology 17: 62. 1978. 


tagonym: Mucor tauricus Milko & Schkurenko — Novosti sistematiki nizshikh rastenii 7: 
+ 1970. 


Description: Schippers (1978). 


fon The fungus is apparently still known only from the original strain isolated from 
est soil in the Ukraine. It was maintained as a separate species by Schipper (1978) 
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pending further informations Rirromucor tauricus vs distinguished from other thermo- 
phle Riizomucor mainly by definitely more swollen sporangiophores. Growth and spo 
rulation occurs between 24-55" C, development is extremely slow at 21° C and nil at 57° C 


Thermomucor indicae-seudaticae Subrahmanyam, Mehrotra & Thiru- 
malachar (as *Subrahamanyam....") — Georgia Journal of Botany 35: 2. 
1977. (nom. inval., Art. 37.1). 


Descriptions Subrahmanyam, Mehrotra & Thirumelachar 11977), Schipper (1979) 


Thus 15 the type species of. Thermoniucor Subrahmanyam ef al (1977) which 1s 
apparently still monospeufe Tt was established mainly on account of formation by the 
type species of smooth zygospores and presence of rhizoids Zygospores are definitely 
rough-walled in members of Adi van Treghem, Mucor Mich, Fr, Rhropus Ehrenb. 
Corda and R/tizomucor 

The described stram was isolated from mumcipal compost at Pimpn, Poona, 
India Prior to its description this zygomycete was reported as Rhropus sp and as such 
isolated from various habitats 2n Europe, India, Ghana and Nigeria (Schipper, 1979) 


THERMOPHILIC ASCOMYCETES 


Canariomyces thermophila Guarro & Samson in von Arx, Figueras & 
Guarro — Beihefte zur Nova Hedwigia 94: 34. 1988. 


Cunartomees von Arx (von Arx, 1984) was established for a mesophilic cleisto- 
theual ascomycete, C. notabiiy von Arx, having ascoma wall made up of angular dark 
cells, irregularly disposed asc., aseptate ascospores dextrmoid when young and provided 
wath a single germ pore. an anamorph having conidia of the form genus Chr, senilia von 
Ara (catenate aseptate or septate hyaline conidia) and of Trichiosporiella Kamyschko 
(simple lateral conidia) 1s produced, 

Canaionnces Uicemophidla was wolated from Cameroon, Africa, apparently 
from so.1 The or.ginal protologue is based on colonies developing at 45° C bat no data 
about minimam and maximum growta temperatures are provided Ascospores ate gree- 
nish brown when mature with a subapical germ pore 14 0 180 x 7 5-100 um. However 
ho anamorph developed in cultures of the single available strain 


Chaetomium britannicum Ames A Monograph of the Chaetomiaceae: 
16. 1963. 


Descriptions: Ames (1963); von Arx et al. (1986). 


This Chaetomium was described as having ovoid to vase-shaped ascomata 
Terminal and lateral hairs ate very slender, grey ish, straight to undulate. Asci club shaped. 
8-spored Ascospores brown, large, 19 24 x 1] 14 um, irregularly oval. rounded on the 
ends In the protologue, it 1s simply mdivated that “perithecia develop when incubated at 
approximately 47° C A thermophile” (Ames 1963) The specific epithet refers to the type 
locality: southern part of England 
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The original material developed on mushroom compost and apparently no 
living culture was realised. von Arx er al (1986) regard this Chuetonuwn as a doubu al 
species, only ascospores could be observed in the type specimen at BP] Millner (1977) 
tempted but without success to obtain a tult are from the dried ty pe material, as no living 
stram, authentic or representative, was available to him, no growth temperature rela 
tionships could thus be established. 

Gochenaur (1975) reported having tsolated th.s Chuefonman from soil m the 
Bahamas but Millner ef al (1977) stressed the absence of a corresponding culture or 
herbarum specimen. Farther and based on informations communicated by Gochenaur, 
the mieromorphology of the fungus she examined was probably not Cha tommum britan 
mown Spores of Gochenaur's taxon measured 13 ( 18) x 7 ( 10) um and had subapical 
germ pores while spores from Ames material measure 19 0-24 8 x 11-14 um and have 
Angie apical germ pores t Millner ez al, 1977). Chaetonuaon brüannicum remains undocu- 
mented m the sense of Cooney and Emerson Also no additional record either from the 
type locality (Cannon et ul , 1985) or elsewhere has apparently been published 


Chaetomium mesopotamicum Abdullah & Zora — Cryptogamic Botany 
3: 387, 1993. 


The original locality 15 a date palm plantation in Basrah, Iraq This recently 
described species has a growth temperature range from 30-52" C It d.lTers from Chueto- 
mium therm pilum La Touche and Ch vurgmicum Ames by its lavate asci and long highly 
branched terminal hairs Ascospores are globose to ovoid, olive to brown, 5 5-7 8 x 
5 2-6.3 um, provided with one apical germ pore, 


Chaetomium thermophilum LaTouche as * thermophile"  Transac- 
tions of the British mycological Society 33: 94. 1950; Cooney & Emerson — 
Thermophilic Fungi: 62. 1964. 


=" Chaetomium virginum Ames — A Monograph of the Chaetomiaceae 43 1963, fide 
von Arx et al., 1986 


Descriptions La Touche (1950), Ames (1963), Cooney & Emerson (1964), von Aix er al 
(1986). 


This ts the first known thermophilic Chuetomun: The species is also distin- 
guished by its long, tapering terminal hairs at times dichotomously branched at wide 
angles. Ascospores are dark brown, globose to subglobose, 7 9 x 5-7 um, prommently 
umbonate at one end 

Cooney & Emerson (1964) observed this Chee tome to produce in culture two 
dissimilar growth patterns, as a result they proposed two new varieties. ceprophile and 
dissitum 


Chaetomium thermophilum LaTouche var. coprophile Cooney & Emer- 
son — Thermophilic Fungi: 69, 1964. 


. The variety 1s mainly distinguished by the presence of dichotomously branched 
hairs, which more or less completely covers the entire perithecium. 
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Chaetomium thermophilum LaTouche var. dissitum Cooney & Emerson 
— Thermophilic Fungi: 68. 1964. 


D.llers from the species mainly in the diffuse manner in which. perithecia are 
produced in culture 


Chaetomium virginicum Ames — A Monograph of the Chaetomiaceae: 
43. 1963. 


The fungus was originally isolated from leaf litter collected under very old trees 
at White Marsh, North of Old Point Comfort, Virginia (L SA) Perithecia are described as 
globose, up to 240 um wide Terminal and lateral hairs cover the entire pertthecium, 
indist.ngu;shable, irregularly branched, minutely granular, 2-4 jam wide Asci cylindr..al, 
8 spored, 70 x 10m Ascospores. yelow brown to pale brown. almond shaped. 
8-11.5 um, A thermophile (Ames, 1963), 

Cooney & Emerson (1964) consider this species to approximate Chaetomnan 
thermoplilun while being identical to its var.ely coprephile, ascomata of the latter are also 
entirely covered by dichotomously branched peritheetal hairs On the basis of morpholo- 
gical characters and growth-temperature responses, M.llner (1977) provided evidences 
that Chactonun vugmicum (culture TA-7 obtained from L M Ames collection at BPI) is 
,dentical to Ch thermaphihon var coproplule This proposal was later substantiated by 
Miliner c£ al (1977), among the large number of Chaetomia studied by these authors, 
ascospores with papillate germ pores were found only in Chaetomium thermophilum, Ys 
two varieties and Ch, viginicum 

Chuetomuum vosgnicum 8 also regarded as a probable synonym of Ch thermo- 
philum by von Arx et al. (1986) 


— Coonemeria Mouchacca gen. nov. 


Thermophila Colontac lanatae auranturc-rubiae quando ascoma matura sunt 
Dinan: ascoma.s est convoluta Inpha Ascoma nonestiolata: sphaerica, solitaria vel 
confluent ascomata confiuentes in crusta disposita. Ascomatis partes Crassus, e cellulis 
pseudoparen. li muti is compositus, ascomatiy textura angulosa Avus ex hamo amgulato 
oriundus, o«otdeus vel pirifarmis, octosporus demde evanescens Ascospora untcelluluria 
cllipsetdca vcl ovaidca, flavescens vel pallida aurantio-brunnea, cum partete crassa laeve vel 
verruccse Structura condogena. semper praesens, sumilis. Paecilomyces. Baier. forma 
genericum 


Species typica" Coonemerta crustacea (Apinis & Chesters) Mouchacca. 


Thermophilic Colames lanose, reddish orange due to mature ascomata, Asco- 
matal initials a coiled hyphae Ascomata non-ostiolate, spherical, solitary to confluent, 
forming a crusty layer. ascomatal wall thick, made up of pseudparenchymatous cells, 
textura angularis. Asci arise singly from croziers, ovoid to pyriform, 8-spored, evanescent 
Ascospores unicellutar, ellipsoid to ovoid, yellowish to pale reddish-brown, thick-walled, 
smooth to vertucose. Conid.ogenous structures aways present, belong to form genus 
Paecilomyces Baier. 


Type species: Coonemeria crustacea (Apinis & Chesters) Mouchacca. 


Etymology genus name coined from the first four respective letters of Cooney & 
Emerson's names, authors of the first comprehensive (although somewhat confusing) 
monograph on thermophilic fungi. 
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Cooneme rta vs proposed to accomodate thermophilic cleistothecia] ascomycetes 
having co.led ascogonial initials, pseudparenchymatous walls of textura angularis type 
and a distinctive Paeclunnces anamorph Asexual reproductive structures genera.ly 
represent comparatively reduced forms of well elaborated Puecilonnees conidial structu- 
res developed in several taxa of this form genus (Samson, 1974), 

The three species accepted in Ceonemeria were formerly ass.gned to Thermoas 
sus Miche (Miehe. 1907) and Daenlomyces Sopp (Sopp, 1912) These genera have 
morphologically similar perfect states //i rmoascu is distinguished by the absence of any 
accessory state producing chains of conidia while this state belong to Poh paecilum 
G Smith in the case of Dactilomyces (Ap.nis, 1967) The proposal of Counemeria 
detinitely clarifies the status of ascomycetes formerly placed in one or the other of these 
entities. 

Anamorphs of the Puectloniacey type are also associated. with Taluronyces 
Benjam.n and By ssochlumis Westhng (Stolk & Samson, 1972), The former ts distin- 
guished by soft white to yellow ascomata having walls composed of loose hyphae and the 
production of asetin chains, Most Tuluromices however are associated with Penicill.a 
while only two have a Paccilonnccs state, the latter were placed by Stolk & Samson (1972) 
in Talaroni ccs section Emerson. the thermotolerant T [eyeertanus Evans & Stolk and the 
thermophilie 7 / sso. /MHamvdroidi s Stolk & Samson, here considered The two other taxa 
of the section have Pemalha the thermophihe T emersonii (treated in this note) and the 
thermotolerant T. bacillosporus Benjamin. 

On the other hand, a.l By sso. lans have a conidial Paeciomyces state This 
leleomorphic genus is characterized by imitials consisting of swollen antheridia and coiled 
ascogomd producing almost naked ascomata in which globose ase: are formed from 
croziers (Stolk & Samson, 1972). 


Coonemeria crustacea (Apinis & Chesters) comb. nov. 


hastonym Dachlomyces crustaceus Apmis & Chesters Transactions of the British 
mycological Society 47: 428 1964 

Thermouseus crustaceus (Apmis & Chesters) Stolk Antome van Leeuwenhoek 31 
272. 1965 
anamorph Puecilamyees crustaceus Apinis & Chesters Transactions of the Brush 
mycological Soctety 47: 428. 1964 
Misapphed names Thermoase us aurantiacus Miche Die Selbsterhitzung des Heues 70 
1907; sensu Cooney & Emerson — Thermophilic Fungi: 39, 1964 

Duch lon ees thermophilus Sopp Skrifter udgivne af videnskabs selskabet 1 Chris- 
tama Mathematisk naturvidenskabelig klasse 11 35 1912, sensu Cooney & Emerson 
"Thermophilie Fungi: 39 1964 

Peniciltium thermophilus (Sopp) Biourge La Cellule 33 106 1923, sens Cooney & 
Emerson — Thermophilic Fungi: 39. 1964 
~ Pentallium thermophitum (Sopp) Sace, fide Trotter 1931 Sylloge. Fg rum. 25 
(Suppl 10) 671.1931, sensu Cooney & Emerson — Thermophilic Fungi 39 1964 


Descriptions as Dace) lomyces crustaceus by Apinis & Chesters (1964) and Apmis (1967). 
as Theimnascus aurantiacus by Cooney & Emerson (1964), as Thermouseus crustaceus by 
Stolk (1965), Awao & Otsuka (1974) and Chen & Chen (1996) 
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1n 1964, Apmis & Chesters reported on an ascomycete isolated at 38° € from 
grass debris collected n a salt marsh on the Lincolnshire coast Duen lonives Sopp was 
then thought to be the correct genus. The tungus also proved to compare with the CBS 
stram 374 62 12 QM 6798 7 NRRL 1563) deposited by Raper & Fennell as Dactilonnecs 
thormesplilus, (he genus type spectes AL that time, Sopp fungus was only known from the 
original description and illustrations (Sopp, 1912). 

Apinis & Chesters (1964) compared these two Duct fomyces strains with the 
pretologue of the type spectes and noted several diserepancies Both isolates were found to 
deviate by the absence of dactyloid conidiophores bearing small conidia and the presence 
ot relatively small asperulate ascospores, For Dan dome thermophilus, Sopp had 
reported ascospores as oval smooth, 10-12 x 6-2 ym. Ascosperes of the living strains 
were reddish brown, globose to oval, rough and smaller, 7-9 x 5 7 um Further, their 
respective anamorphs were found to perlectly ht in. Pur ilomivees with conidia bemg 
hyaline. evlindcal to oval, smooth, 2-8 x 2-4 im Based on these deviauons, Apinis & 
Chesters proposed the new Duchy lonneey crastaccis and selected as type material their 
strain BDUN 378 (= IMI 102470). 

Also in 1904, Cooney & Emerson published their monograph on thermophihe 
langi They provided a latin diagnosis for the type species of Thermuuseus, Th aurantid- 
cto based on their strain M 206516. Chey also regarded Daca /omnecs as congenerte with 
the previously described. ZAcrmoasciis and thus listed known synonyms of both states ot 
D. tncrmopmilas under Therm «vete ate antiacis (see also under Duca tomec the emophi 
Jus} Before this monograph, the anamorph ot Daer lomyees thermophiliey was regarded as 
approximating a Penicillium (Biourge, 1923). 

A year later, Stoll (1962) re examined strain CBS 374 62 and concurred with 
Apinis & Chesters (1964) about ats umilarity with their Dai n lomaces eristacetis Stolk 
admitted however Cooney & Emerson's (1964) disposition for Dac ty hunyeey and üccor- 
dingly proposed the new combination. Thermoascuy orustu LA pins & Chesters) Stolk 
Stolk finally compared the above strain with toar other CBS cultures labelled /]ermoav av 
utenti iv. CBS 256 34, 257 M, 415 62 & 398 64 No conidial state matching the ana- 
morph Cooney & Emerson (1964) depicted for this ascomycete developed in any of these 
cultures Stolk then concluded “Cooney & Emerson's strain M206516 of Thermoayeus 
tirant us Is most likely identical with CBS 374 627, a suggestion being subtantiated by 
the fact that the relevant iconography 1s suggestive of Paecilomyces 

Finally on 1967, Apinis re-examined stram M 206516 It proved conspec.fie with 
Dactylonyces tesien Thus he, first, confirmed Stolk s suggestion about this strain 
and, second, the description provided by Cooney & Emerson (1964) for Thermoascus 
urantiacus applies in fact to the former In addition, the study of fresh isolates matching 
the protologue of Duct donnees thermophilus, lead Apmis (1967) to conclude Duc lom, - 
ces should be mamtaimed disunet from Thermousens, à decision largely accepted subse- 
quently (Cannon er al. 1985, Eriksson & Hawksworth, 1993) As underlined before, the 
development of a distinctive Pucciomacey anamorph lavours the placement ot Duct to- 
myces crustaceus in Coonemeria 

On common laboratory agar media, the minimum growth temperature hes 
between 20-25 C with the maximum being below 60°C Optimum growth 1s around 
AO. C witha standard Petri dish be.ng covered in 4 d, mature colonies are colored orange 
with orange brown reverse, 

Initials a simple ascogonial coil. Cleistothecia scattered or confluent and then 
forming a crusty layer, spherical, 300-700 pm diam . orange to reddish-brown Ascomatal 
wall made of few layers of brown pseudparenchyma ceils with slightly thickened walls. 
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Asc) are produced singly from croziers, irregularly disposed in the asvomatal cavity. 
8 spored, subglobose to pyriform, 15-20 x 13-16 um, evanescent Ascospores oval, pale 
brown to red-brown, 6 0-8 0 x 5 0-6 5 um, wall 0 5 um thick, provided with fine echinu- 
lations, 

Asexual reproductive structures develop within 2 d at 40° C, they are evanescent 
and not affecting overall colony characters. Conidiophores coarse, septate, pale yellow, 
smooth, up to 900 um long, tapering to 4-5 um wide apical parts Upper parts of the 
condiophores bears irregularly arranged branches, 6-35 x 4-5 um, these are usually 
rebranched and end with phialides, phialides occur either singly as side branches, or in 
irregular verticils of 2-3, phialides cylindric, 12-30 x 5 7 am, gradually tapering to a long 
«onidium-beating tube, slightly bent away, 12 x 3 im. Conidia produced in conspicuous 
long diverging chains, smooth, yellow to pale brown. cylindrical when young, ellipsoid 
when mature, 6-10 x 3 6pm, responsible for the slight ochraceous color of young colo- 
nies. 

Coonemeria crustacea ys distinguished from the two other members of the genus 
mainly by oval finely echinulated ascospores It displays a wde geographic distribution 
being isolated from soil in several localities and from various self-heating material (Coo- 
ney & Emerson, 1964; Cannon et al., 1985; Chen & Chen, 1996). 


Coonemeria aegyptiaca (Ueda & Udagawa) comb. nov. 


basionym Thermoascus aegyptiacus Ueda & Udagawa Transactions of the Mycologi 
cal Society of Japan 24: 135. 1983, 
anamorph Puecdomyces aegyptiuca Ueda & Udagawa — Transactions of the Mycologi- 
cal Society of Japan 24: 135. 1983 


The fungus was originally isolated from a sample of marine sludge collected 
along the Suez Canal banks at Port-Said City, Egypt It develops between 25 to 55° C with 
the optimum being at 40° C. At th.s temperature, colonies fill the plate within 4 d with a 
thin almost submerged basal mycchum) producing numerous superficial ascocarps, often 
forming 4 crusty mass, vinaceous to reddish brown, conidia fairly abundant, grayish 
yellow and not affecting colony color. 

Cleistothecta superficial, subglobose, orange-brown, 250-550 pm wide, initials a 
simple coiled hyphae Peridium 25-40 pm thick, pseuduparenchymateous, rather coria- 
ceous, tevrura angularis type Asci borne singly on crozers, scattered in the ascomatal 
cav.ly, 8-spored, ovate, 14 18 x 11-15 jum, evanescent Ascospores I-celled, ell.psoid to 
ovoid, ye.lowish to pale reddish orange, 6 0-8 5 x 40-5 5 pm. thick-walled and nearly 
smooth (slightly verruculose under SEM). 

Comdiophores erect arising more commonly from aer.al trailing hy pae, hyaline. 
smooth-walled, 50-300 x 5-7 um, apival parts irregularly branched and bearing terminal 
verticis of 2 4 phiahdes usually without any metulae. phiahdes solitary or trregularly 
verticillate, cylindric, 12-30 x 3-6 um Conidia formed in long divergent or tangled chains, 
continuous, hyaline but fulvous in mass, cylindrical to elliptical, 4 5-11 x 3 4 um, conida 
sometimes ovoid to subglobose, 3.5-10 diam, 

Coonemeria avg) ptiaca 15 mainly distinguished by its ellipsoidal almost smooth 
ascospores Leda & Udagawa (1983) indicate the fungus produces two morphological 
kinds of asexual stretures the typical Paeedonn ces-type with cylindrical to doluform 
conid.a are produced at 37-40. at higher temperatures, conidia are subglobose to ovoid, 
borne m shorter chains on phialides having a swollen and thick-walled apex 
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Coonemeria aegy prieu was recently reported by Abdullah & A]-Bader (1990) to 
inhabit soil in Iraq 


Coonemeria verrucosa (Yaguchi, Someya et Udagawa) comb. nov. 


basonym Thermeuseus crustaceus (Apinis & Chesters) Stolk var verracosus Yaguch., 
Someya et Udagawa  Mycoscience 36: 161. 1995, 

Thermoruscus tartungiacus Chen K Y & Chen Z-C Mycotaxon 50 226 1996 
anamorph. Pacciletmy ees tartungiacus Chen K-Y & Chen ZC Mycotaxon BORGIO 
1996 
= Paccdonces crustaccus Apmis & Chesters pio parte fide Yaguchi, Someya et Udagawa 

Mycoscience 36: 161. 1995, 


Descriptions: Yaguchi et al (1995); Chen & Chen (1996), 


Colonias in agaro malto addito dispositae port 7 dicbus et temperatura 40" C cum 
9 U cm diametre lanatue Ascomuatey supo fic tales miermvtu cium pauca coniulimgcnis strit- 
turis, Mycelium ex hyphis hyalinis, septatis, ramosis, laevibus, 2-8 um crassis 

Avcoma nonsostiolutum: solitarium ad confluens demde cravtaceum. sphaericum 
unrantiocanique cum 300-600 um diinetro: Peridium cassum preudparenchy matum. tey- 
Dea anguhte Asa dispersi in ascotatis. cavitate vibilobow vel prriformes, 1216 x 
H-14 pm ectispoti chanescentes: Avcaspurde ane clidariae cHhipsoulede rare subglobuyae 
hyalinae ad pallidue aurantiacae, 6-8 x 5-6 um, cum crasso verrucoso pariete. 

Conidiophorum veprim, laore hyalinum ad brunneum 100-300 x 6:10 um. Aps 
regia are gun tee ramosa, terminales rani cum solidaris plualidibus vcl verticillatis per 2-4 
Phalo y lmdna 16:30 x 4-6 um. Comdia diposita m catenis non coulescentihus, conidia 
Minden a, flavtde knra, 4 10 x 2-4 gm, conulia eltiptica aluputndo 5-8 « 4-6 um. 


Holctypuy PF 1160 Cultura execute ex sole voluta a 1 Yagushi, Guanghou m Sma. 
4 AL 1993 In herbaro Musa et Istituti Historiae Naturalis Chiba CBM deposita 


On common laboratory agar medium, colonies filling the plate m 7 d at 40° C, 
lanate witn superficial ascomata intermixed with sparse comdiophores and conidia, rosy 
but to orange, reverse reddish-brown, comdiogenesis inconsp.cuous not atleeting colony 
appearance Optimal growth between 30 and 40° C, the mmimum hes between 20 and 
25° C and the maximum somewhat above 55° C. 

Asvomatal in.tials a coiled hyphae Cleistothecia solitary or confluent and then 
forming a crusty layer, orange, spner.cal, 300-600 um diam , peridium pseudoparenchy 
matous of textura angularis type, outer layer cons.sung of thick-walled yellow brown 
angular cells, 4-8 x 2-6 um, inner layer of hyaline, angular or rounded cells, 10-20 um 
wide Asctirregulurly disposed, 8-spored, globose to pyriform, 12-16 x 11-14 um, evanes- 
cent Ascospores unicellular, hyaline to pale-orange, ellipsoidal, rarely subglobose, 
6-8 x 5-6 um, thick-walled, verrucose. 

Conidiophores arise from the basal mycelium or from aerial hyphae. stipes 
hyaline to brownish, septate smooth, 100-300 x 6 10 um, apical parts not uniformly 
branched giving rise to irregular verticils of terminal and subterminal secondary bran- 
ches, these bear phialides e.ther singly or in verticils of 2-4, cylindrical to slightly swollen, 
16-30 x 4-6 um. Comdia produced in long disordered chains, unicellular, cylindrical. 
truncate at both ends, yeilowish, smooth. 4-10 x 2-4 um. few wider elliptical conidia 
Sometimes produced, 5-8 x 4-6 um. 
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Holotype PF 1160, a dried culture of a soil isolate from Guanghou, China, 4. XI 1993. 
deposited at the Natural History Museum and Institute, Chiba, Japan (CBM) and at 
T Yaguchi collection (described as Thermoascus erustaceus var. verrucosus) 


While deseribing PHtermoascus taiungiacis, Chen & Chen (1996) were probably 
unaware of the verrucose variety of Th erustuceus established a year before by the 
Japanese mycologists Yaguschi et al (1995) Authentic material of both taxa have in 
common a soil origin and not widely separated original locations, Indeed the former 
derives from a weed soil located at Taitung in Taiwan, while the latter was isolated form a 
soil sample taken from the Chinese locality of Guanghou 

Ascospores of the Taiwanese fungus were described as bemg yellowish green 
{although overall colony color tends to orange tones), oval to elliptical, rarely subglobose, 
6 3-7 5 x 4 5-5 6 um, thick-walled and predominantly echinulate when viewed under hght 
microscope but irregularly verrucose under SEM A comparison of given SFM pictures 
for both taxa clearly stress ascospore ornamentation i5 similar being represented by large 
well individualised warts of heterogeneous shape. 

Coonemena verrucosa is mainly distinguished by its definitely verrucose ellipsoi- 
dal ascospores. These are smooth in C. aegyptiaca and finely echinulated m C crusruceu 
The ascomycete might have been previously mislead with Coonemeru crustacea Never- 
theless further comparative studies are required to ascertain differences m growth tempe- 
ratures relations and other minor morphological characters, 


Corynascus heterothallicus (van Klopotek) von A 
1981(1982). 


basionym Tinel iu heigrathallica van Klopotek Archives of Microbiology 107 223- 
224. 1976, 
anamorph Myeeliophihora thermophila (Apmis) van Oorschot — Petsooma 9 403 1977 
bastonym. Sporoti runt thermophilum Apmis as * thermophile’ Nova Hedwigia 5 74 
1963 

Chry sespornan thermophila (Apis) van Klopoteh Archives of Microbiology 98 
366, 1974 


— Sydowia 34: 25. 


Descriptions von Arx (1981(1982)), van Klopotek (1976), Domsch et a! (1980, as Tine- 
luvia heterothallica). 


Apinis (1963) isolated several strams of a new thermophihe "Sporotri man” 
anamorph from soil and plant debris m Nottingham. UK. he was not aware of the 
heterothallic nature of the corresponding teleomorph Few years later, von Arx (1971) 
provided a modern definition of Sporotrichiun Link based on a freshly isolated stram 
matching the type species S aureum Link S. F Gray Thus form genus was then restricted 
to hyphomycetes having basidiomycetous affinities as evidenced by the regular presence of 
clamp connections at the cross walls and production of simple ty pes of aleuriospores On 
account of this new definition, van Klopotek (1974) transferred Apinis fungus to Chr sos 
porium Corda 

Mc elophthora Costanun was reintroduced by van Oorschot (1977) as sugges 
ted eather by von Arx (1973) in his treatment of Sporotirchum and related genera This 
d.sposition armed to accomodate the type species Mf vce frophthera lutea Costantin and the 
Chi) sospuruum — Sporotrichum) anamorphs of two hitherto described ascomycetes, 
M lutea has not yet developed a corresponding teleomorph The fungus described by 
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Apinis is now wide;y accepted as belonging to Micefephthora Yt dilfers from known 
species by its dark co.ored colonies and smaller mostly obovate comdia, 4 5-11 0 x 
3.0-4 5 um; conidia are hyaline, smooth and thick-walled. 

The teleomorph was later discovered by van Klopotek (1976) after mating 
appropriate strains. Developed cleistothecia produced ascospores elipsoida), dark brown, 
75-110 50 70 um, provided with one distinctive germ pore The teleomorph was 
deseribed as The tara heterothaltied Few years later, it was relocated in Curynascus von 
Arx which groups ascomycetes having anamorphs of tne Miceltaphihora type (von Arx et 
al., 1986) 

An excellent account of the cultura, and physiological characteristics and the 
distribution of this fungus is provided by Domsch et af. (1980). 


Corynascus thermophilus (Fergus & Sinden) van Klopotek — Archives 
of Microbiology 98: 366. 1974. 


basionym fie lava thermophithe Fergus & Sanden Canadian Journal of Botany 47 
1635 1969 

= Clactomiulum ther moplatan (Fergus & Sinden) B Lodha In Tavonomy of Fungi 
Proceedings of the International Symposium Madras 1973 Part I 248 1978, 
anamorph Mec hophthora pereus (van Klopoteh) van Oorschot  Persooma 9 406 
1977, 

basionym Clint sespornen haigust van Klopotek — Archives of Microbiology 95 366 
1974, 


Descriptions Fergus and Sinden (1969), Hedger and Hudson (1970), van Klopotek (1974), 
von Arx (1975) 


Matng of several pure strains of another thermophilic "Sperotricfan" species 
isolated from mushroom compost in Pennsylvania (USA) developed black ascocarps of a 
new heterothall.. cleistothecia! ascomycete This was described ay ize havi thermplila 
by Fergus & Sinden (1969) No provision was however then made for the corresponding 
anamorph This was simply regarded as deviaung from Sporotrichum. thermophilum 
Apins by some cultural characteristics. Both hyphomycetes were later compared by 
Hedger & Hudson (1970) following .solates obtained m Britam Dist.netive growth and 
morphological features were also imply underlined by Hedger and Hudson 

In 1974, van Klopotek ascribed the anamorph of Thieclavne thermophila to 
Ch soypornan Corda while dedicating the hy phomycete to Fergus, she also transferred 
the teleomorph to the recently established Corynuscis von Arx Chr) sosporim ferguyt 
was later on relocated in Afi cehophthora by van Oorschot (1977) together with the 
anamorph of a second Corinascuy species. However it is untortunate the specific epithet 
thermophila was not selected for the anamorph of Corynascus thermophilus Such would 
have prevented any form of confusion with the anamorph of Corynascus heterothallicus 
(van Klopotek) von Arx named Myeebophthora thermophila (Apinis) van Oorschot 

Cons nasens thermophilus bemg a heterotha.lic ascomycete 15 usually only repre- 
sented by its aleuriospores in isolation studies These are e.lipsoidal or obovate, nearly 
hyaline and measure 7 12 x 5 8 um. Maling of appropriate strains would produce cle.s- 
tothecia black. globose, usually smooth. up to 300 jun diam Asci are irregularly disposed. 
each having four ascospores being ellipsoidal, dark brown, 22-32 x 17-22 um, provided 
with two prominent germ pores, 
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Corynascus novogiinensis (Udagawa & Horie) von Arx also produces a Vice 
hoplthora anamorph but yet unnamed However this fungus has its maximum growth 
temperature at 40° C as compared to 55° C for Miceliophirhora fergusu (van Oorschot, 
1980). 


Dactylomyces thermophilus Sopp Skrifter udgivne af videnskabs- 
selskabet i Christiania. Mathematisk-naturvidenskabelig klasse 11: 35. 
1912. 


= Phermouscus thermophilus (Sopp) von Arx The Genera of Fungi Sporufaung in Pure 
Culture: 84, 1970 
anamorph: Polypaecuum sp; fide Apmis, 1967, 
Misapplied names [hermouseus aurantiacus Miehe 1907, sense Cooney & Emerson 
Thermophilic Fungi. 39. 1964, 

Penicilluan thermophilus (Sopp) Biourge 1923, suis Cooney & Emerson Thermo 
philic Fungi, 39, 1964. 
= P tnermoplihun (Sopp) Save . fide Trotter 1931 Sylloge Fungorum 25 (Suppl 10) 
671.1931; sensu Cooney & Emerson — Thermophilic Fungi: 39 1964. 


Description: Apinis (1967). 


This i$ the type species of Dactionnecs Sopp (Sopp, 1912) The original 
material developed in Norway on the wooden casing of a bath thermometer. In the 
protologue, Sopp suggested tne new genus might be identical with Zhermoaxeus Miche, 
despite his awareness of marked differences between respective type species, for example. 
the presence of a penicillioid anamorph in his fungus and the absence of a distinctive 
comdial state in the type species Thermoascus mantiacus: Absence of authentic material 
for effective comparison made a considerable impact on subsequent interpretations of 
both genera Such resulted m much confusion m the identity of respecnive type species, 

The presence of a penieillioid anamorph m the description of Duen lomyees 
thermophilus lead Bioarge (1923) to list this name among the hitherto known Penicillia 
However Biourge did not .nclude the corresponding Peni shum thermophilus n Ins group 
ot accepted species Trotter (1931) published a short description of Peniltnan the opi 
han (Sopp) Sace Later and for the.r treatment of Penicillia, Raper & Thom (1949 20) 
examined a culture obtained by Prof Ralph Emerson from retting guayule at Salinas, 
California, believed to represent Sopp's fungus In addition to developed ascospores, 
conidial structures were found by Raper & Thom to be very large and coarse, evanescent, 
somewhat penicillate and thus not characteristic ol their concept of Pencil Link 
These authors then regarded Thermous. is as a possible synonym of Sopp's genus 

Few years after the publication of Raper & Thom's Manua of the Penwillia 
(1949), Raper & Fennell deposited at the CBS the strain NRRL 1563 as Dueti loms.es 
thermophilus Sopp (List of Cultures, Supplement 1 1962), this number originally referred 
loa strain of Cephahophore tropic a but from about 1950, t was discovered that it bas been 
replaced by a strain of this ascomycete. 

In 1964, Cooney & Emerson provided a latm diagnosis lor Thermouseu ouran- 
ticus based on their stram M 206516. This isolate was made from retung gaayule in June 
1945, at Salinas, Cal.torma, but their ts no clear indication whether tt is the same stram 
curler examined by Raper & Thom (1949) For this ascomycete, Cooney & Emerson 
depicted a distinctive conidia, stage Their illustration approximate figures produced by 
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Sopp (1912) for his Dactylomyees thermophilus and which are rather reminiscent. of 
Paccilomyces Bain Cooney & Emerson also admitted Sopp's suggestion his fungus being 
ential to Thermoayeus aurantiacus. They substantiated their conclusion by the assump- 
tion that isolates of the latter examined by Miche (1907) might represent "some naturally 
occurring strains ot Thermouscks (Daci onices) incapable of producing conidia” 
As Thermoascus predates Ducti /onnces, the former was thus retained Earher synonyms 
of the type species of the latter were then disposed under Thermoucus aurantiacus At the 
date of publication of Cooney & Emerson's book on thermophilic fungi, Daen lomyces 
was still a monospecific genus. 

In 1964 however, Ap.nts & Chesters (1964) added a second species to Duct lo- 
mecs, D crustaceus, developing a conspicuous. Paecilonnes anamorph desgnated 
P ctustaceus For this work, they re-examined Raper & Fennell's Duc n lonn«es diorme 
philuy swam (NRRL 1563, CBS. 374 62), this proved to match the fungus they were 
proposing One year later, Stolk (1965) also studied this isolate, she concurred with Apinis 
& Chester's decision Stolk then suggested Cooney & Emerson’s neotype of T/n rmoascus 
anrantiacus (M 206516) 15 most hhely identical with Duet lonn ces erustaccus 

Stolk (1965) also examined all cultures maintained at the CBS as Thermoascus 
aurantiacus CBS 256 M, CBS 257 34, CBS 415 62 and CBS 398 64 These strains were 
characterized by the presence of ascospores being elliptical and finely echinulated, 5 0-7 0 
x 35-5 U pm, and the general absence of an associated anamorph producing chains ot 
conidia Miche (1907) had already stressed the absence of any conidial state producing 
spore chains in his type species and such was confirmed few years later by Noack (1912) 
Sto.k then stressed these features should distinguish Miehe's fungus from Duc?) fon ces 
eristus Apmis & Chesters (having a Puecilonn ccs anamorph) and also from the yet 
un.lear D rhormophilis Sopp Unfortunately Stolk (1965) tranferred Duci lonn ces eruv- 
taceus to Thermoascus 

In 1967, Apinis re-examined Thermoaseus aurannacus neotype strain M 206516 
He found it to rather correspond to Duc t omnee crustaceus Apinis & Chesters having a 
well defined Pucciomnces anamorph This observation enabled Apinis to definitely refute 
the similarity of these two lelcomorphi genera as stated by Cooney & Emerson (1964) 
At that time. Apinis was already familiar with the ascomycete described by Miehe, from 
pasture soils, he had isolated (Apinis, 1963) several strains matching the original deserip- 
tion 

Based on several fresh isolates originaung from Sweden and England, Apinis 
(1967) then provided an updated deseription of Dactilomyces type species, D rhermoplir 
lus The fungus has hyaline, unicellular ascospores, more or less oval and smooth, 5 5-8 0 
x3560pym Conidia are also produced, these are continuous, cylindrical to ovoid, 
subhyaline, smooth, 3 0-11 0 x 25 5 5 um Such ascospores and conidial dimensions are 
somewhat smaller than those reported by Sopp (1912), however there 1s a general agree- 
ment that measurements given by this author are unrehable Apims (1967) selected as 
neotype strain BDUN 394 (- IMI 123298) obtained by T Nilsson m Sweden No 
Provision was established for the anamorph He simply indicated chains of conidia are 
produced by branched annellophores as in the recently described form genus Polvpaecidum 
G Smith (Smith, 1961) Apmis proposed two new subgenera to consider distinctiveness ui 
anamorphs of both Dach lomyces. Subgenus Dac) lomyces based on the type and subge- 
nus Pacciomicopysis based on D erustuceus These subgeneric divisions were rapidly 
regarded as superfluous. 

Inspite of clarificaons introduced by Apinis (1967), von Arx (1970) listed 
Duct lomvees as congeneri with Fhermuaycus, a taxonomic disposition he maintained for 
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several years (von Arx. 1987), apparently he was following Stolk (1965) who did transfer 
Daci loms crustuceus to Thermaascus However this generic synonymy did not gain 
general acceptance (Malloch & Cain, 1972. Cannon er ul , 1985, Eriksson & Hawksworth, 
1993) Dacty fom). es Sopp is actually considered a valid distincuve gener.c entity 


Melanocarpus albomyces (Cooney & Emerson) von Arx — Studies in 
Mycology 8: 17. 1975. 


basionym M riococcum albonces Cooney & Emerson — Thermophilis Fung: 60 1964 
"Huelva albomyees (Cooney & Emerson) Malloch & Cam Canadian Journal of 
Botany 50: 65. 1972 


Descriptions Cooney & Emerson (1964), von Arx (1975), von Arx er al (1988), Guarro et 
al, (1996) 


Cooney & Emerson ascribed this fungus to the sterile form-genus Ma riococcum. 
Fr based on Corda’s interpretation of its type species, M praecox (Corda, 1842) They 
based their decision on the account both fungi have m common "the dark, shiny astomous 
fruiting bodies, associated with à white, mucedineous subiculum” Such an addition was 
made inspite of their awareness no ase: were ever reported in Vi riococcum praeco and 
also that what was considered as "spores" by Corda was apparently only the inner cells of 
immature ascocarps. 

The genus Melunecurpus von Arx (von Arx, 1975) was later proposed to acco 
modate this widespread ascomycete known to produce in culture a characteristic arthro 
conidial state This anamorph i5 not developed by taxa of the two related genera The avia 
Zopf and Chactomadium (Fuckel) Zopf Smooth ascomata and obovate-oblate darker 
ascospores provided with a prominent germ pore 113 16 x 11-14 x 9 11 um) were also 
then considered additonal distinguishing features, Further, tne presence ot a pseudopa- 
renchymatous wall in Melanocarpus albom ces preclades any confusion with the hitherto 
known species of Thielavia (von Arx, 1975) 

The original concept of Melano arpus was however subsequently partly expan 
ded by von Arx ef ul (1988) to allow provision for the mesophilous M. oblatus Guarro & 
van der Aa described in the meantime, arthrovonida are produced by this species. This 
tendancy was also recently substantiated by Guarro ef al (1996) with their descr.ption of 
the mesophilic Melunocarpus coprophilus Guarro & Valldos., and the transfer of Thiel ia 
minuta var thermophila Abdullah & Al-Bader. However both latter taxa are not known to 
have an associated arthrocomdial state or any other state, a feature that should have 
favoured their inclusion rather in Chaetomidium. 


Melanocarpus thermophilus (Abdullah & Al-Bader) Guarro, Abdullah & 
Al-Bader — Mycological Research 100: 75. 1996. 
basionym T/nelavia. minutu (Cam) Malloch & Cain var thermophila Abdullah & 
Al-Bader — Basrah Journal of Agricultural Science 5: 116. 1992 
Descriptions: Abdullah & Al-Bader (1992); Guarro et al. (1996). 


Living strains of the thermoph.lic variety of. Thelavi minia (Cain) Malloch & 
Can (a mesophile) originate from a forest soil m the north of Iraq. Re-examimabion of 
authentic material led Guarro er al. (1996) to relocate the fungus in Mefanocarpus von Arx 
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as M. thermophilus However this ascomycete produces not the arthroconid.al anamorph 
characterise of the type spectes, Asci are 8-spored with ascospores being ovoid, dark 
brown, 7.5-9,0 x 6.0-7.5 jam, each provided with a single germ pore. 


Talaromyces byssochlamydioides Stolk & Samson — Studies in Myco- 
logy 2: 45. 1972. 


anamorph Puec rom ccs by ssochlann dienes Stolk & Samson — Studies in Mycology 2 
45. 1972 


Descriptions, Stolk & Samson (1972); Awao & Otsuka (1974). 


This species of Tüfuromces Benjamin 15 definitely less reported than its close 
relative T emcrsoni Stolk Its mainly disinguished by its conspicuous. Puecilomyccs 
anamorph as compared to the Peme win state of the latter Ascomata always develops in 
culture concomitantly with the anamorph and such prevents its confusion with the similar 
imperfect taxon Puecilomy ces \ariot Bamer, Ascospores are globose to subglobose, 
37-4 5 x 3 5-4 0 um, thich-walled smooth or nearly so, often partially covered by material 
which may represent the remnants of a gelatinous covering 

Daca bona. es crustacens Apinis & Chesters also has a Pace iom ces state but its 
conidia are ellipsoidal as compared to the cylindrical comdia of Tularonn ces by ysochla- 
nndtoudes. The latter was apparently only reported from soil in Japan (Awao & Otsuka, 
1974) and Egypt (Mouchacca, 1995) 


Talaromyces emersonii Stolk — Antonie van Leeuwenhoek 31: 262. 
1965; Stolk & Samson — Studies in Mycology 2: 48. 1972. 


= Byssochlann ssp fide Cooney & Emerson — Thermoplulic Fungi 155 1964 

anamorph Pene ilium emerseni Stolk Antonie van Leeuwenhoek 31 262 1965 
Gioymitlia emersonir (Stolk) Put Canadian Journal of Botany 57 2027 1979 

Misspplied names Tularom)ces duponta (Gritton & Maublanc) Apinis, sensu Apinis 

Nova Hedwigia 5: 72. 1963; as comb. nov. (nom. inval., Art. 36.1). 

+ Penicilluan duponti Griffon & Maublane 1911, sensu Apinis Nova Hedwigia 5 72 

1963 


Descriptions Stolk (1965), Stolk & Samson (1972). Domsch cr ul (1980) 


Talaromyces emersonn was described inclusive of its distinctive anamorph deve- 
lopmg Penicillia of the 451 pmi trica type The selected representative strain was obtained 
by Mrs A J van der Plaats Niterink from Italian compost but other isolates were also 
then available at the CBS Dedicated to R. Emerson for his contribution to our knowledge 
of thermophilic fungi. 

Apinis (1963) based his taxonomic decison on stran BDUN 272 (. CBS 
397 64) isolated from soil near Nottingham (UK) Stolk (1965) re-examined this isolate 
which proved to represent Tularom,ces emersoni rather than the teleomorph of Peni- 
cillum dupont: as concluded by Apinis. The same observation also apphes to strain CBS 
394.64 labelled Byssochlamys sp. by Cooney & Emerson (Stolk, 1965) 

The anamorphic genus Geosmuthia Pitt (Pitt, 1979) was erected to accomodate 
Penicilha formerly placed in the Peur pallidum senes These are mainly disun- 
guished by the formation of cylindrical conidia borne from cylindroidal, rough walled 
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phialides and not colored green en masse. Stolk & Samson (1985) emitted doubts as to the 
necessity of such à generc distinction based on s.ight morphological differences 
In Pencilinon such differences are instead appropriately used to delimit generic sections 
The anamorph of Zuluromyees emersoni is thus better referred to as a Percilhum. 

Taluremyces emerson was subsequently reported from various habitats 
tDomsch ef al, 1980) It produces globose, reddish 1o orange brown ascomata, up to 
300 um diam , ascospores are th.ck-wa.led, smooth, subglobose to ovordal, 3 540 x 
2 7-3 5 um, ascospores may be covered by materia, representing remnants of a gelatinous 
coating. 


Talaromyces thermophilus Stolk Antonie van Leeuwenhoek 31: 268. 
1965; Stolk & Samson — Studies in Mycology 2: 55. 1972. 


Pemeilium duponta Gnifon & Maublanc emend Emerson m Raper & Thom 
A Manual of the Pemeilha, 573-577, 1949. 
= Talurom ces duponti (Griffon & Maublanc) Emerson, incidently mentioned by Fergus 
Mycologia 56: 277. 1964 (nom. inval., Arts. 36,1 & 37.1) 
anamorph Penicihum dupontu Griffon & Maublane — Bulletin trimestriel de la Societe 
mycologique de France 27; 73. 1911 
=? Curomyces spliagnicola Mal'chevskaya — Trudy Pushkin nauchno-issled. Lab Rasv 
Sel'skokhoz. Zhivot. Inst. 13: 23 1939. 
Misapphed names: Tularomy ccs dupontu (Griffon & Maublan.) Apmis, scri Apinis 
Nova Hedwigia 5: 72. 1963, as comb. nov. (nom, invalid , Art. 36.1). 
Tuluomyees: Poncdlnan dupont (Griffon & Maublanc) emend. Emerson in Raper & 
Thom $73. 1949.1 c Cooney & Emerson  Thermaphilic Fungi 28 1964 (i mal . 
Art. 36.1). 


Descriptions ; Stolk (1965); Stolk & Samson (1972); Pitt (1979). 


The ong.nal publication of Griffon & Maublane (1911) dealt only with the 
Pomc anamorph No corresponding teleomorph was reported trom cultures of the 
two strains then available fur study These were obtained in France from manure and damp 
hay by Mr Dupont, Chief Chemist at the Ecole Nationale d'Agriculture de Grignon, and 
to whom the fungus was dedicated Unfortunately, the two original isolates are definitely 
lost 

The fungus was later on and in 1945 isolated by Emerson from rett.ng guayule 
shrub at Salinas, California, for the first time the perlect state developed in culture 
Emerson then prepared an emended description of both states of Penicilluum dupont 
based upon hus strain No. 26( NRRL 2155) to be incorporated by Raper & Thom m 
their first Manual of the Penicillia (1949; 573). 

In 1963, some confusion about this taxon was introduced by Apinis, Under the 
binomial Tuluromvces dupont: (Griffon & Maublanc) Apinis, he provided a description of 
a teleomorphic fungus thought to "correspond in general to the original strain described 
from France” As representative material, Apinis selected his strain BDUN 272 origina- 
ting from a water-logged pasture in Nottingham The above binomial was however not 
val.aly published as no latin diagnosis provided and no new type material specified 

Further confusion but of the nomenclatural type was also simultaneously 
introduced by Fergus (1964) follow.ng his study of an isolate from compost in Pennsylva- 
ma (USA) His observations were published under the name Tuluronn ces dupont (Gnf- 
fon & Maublanci Emerson, a combination not proposed as such by Emerson himself 
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U nfortunately, this designation was subsequently reproduced in several studies of ther- 
mophulic fungi. 

Two years later Stolk (1965) re-examined Apmis strain BDUN 272 She found it 
to largely deviate (rom Emerson's isolate No 26( NRRL 2155, CBS 236 58) Moreo- 
ver, the former proved to perfectly match her newly described Tularonn ces emersonu Stolk 
To eliminate the state of confusion preva.l.ng around the name Talaromyces dupont, 
Stolk then proposed the new name Tularonnces thermophilus tor this teleomorph and 
provided a latin diagnosis Emerson strain was then selected as holotype (Stolk, 1965; Pitt, 
1979) However, the original accession number of this holotype was erroneously cited by 
Cooney & Emerson (1964 28) under the diagnosis provided for this fungus ts indicated 
specimen M 206516 (our culture No 26) 1n fact stram M 206516 was selected by Cooney 
& Emerson as representing their interpretation of Thermouscus aurantiacus Miehe (1964 
50) and this corresponds to their annotation: our culture No. 2 

Pitt (1979, stressed the reasons why the cortesponding perfect state should be 
maintained in Tularomyee and to continue considering tts simple reduced anamorph as a 
Pen illum. Talarom ces thermopfalus is the only thermophile with a Poucilfuun anamor- 
phie state produeing green conidia This character should prevent any misidentification 
since ascocarps do not always readily develop in cultures of freshly isolated strains The 
fungus grows fairly rapidly and optimally at 45-50° C, no growth develops at 25" C and 
60° C respectively Ascospores are ellipsoidal, 3 5-4 5 x 2 2-3 5 um, ornamented by 2-6 
somewhat jagged, irregular, usually longitudinal ridges. 


Thermoascus aurantiacus Miche — Die Selbsterhitzung des Heues: 
70. 1907. 


=? Thermoascus tvatsclienkor Mal'chevskaya Trudy Pushkin Nanchno issled Lab 
Razy sel’khoz Zhivot 1326 1939, fide Cooney & Emerson — Thermoph.he Fungi 39. 
1964 

Misapplied names Thermoaseus auantiacus Miche 1907, sensu Cooney & Emerson 
Thermophilic Fungi: 39. 1964 

Dait, lames thermophilus Sopp 191 
39 1964 

Penu illum thermophilus Sopp) B.ourge 1923, sensu Cooney & Emerson — Thermophilic 
Fungi: 39. 1964. 

Poncilliam thermophilum (Sopp) Sacc , fide Trottcr 1931; sensu Cooney & Emerson 
Thermophilic Fungi: 39, 1964 


sen Cooney & Emerson — Thermophilie Fungi 


Descriptions Stolk (1965), Apinis (1967), Awao & Otsuka (1973), Domsch et al (1980), 
Chen & Chen (1996) 


The type species of Thermuasetys Miehe (Miehe, 1907), T aurantiacus, was 
isolated from self-heating hay and carefully described by the author Few years later, Sopp 
(1912) reported a second thermophilic ascomycete haying a well developed conidial state 
and for which he proposed the new genus Ducti lomyces, Sopp then considered Zhermous- 
cus aurantiucus as approximating his Diety hanes thermophilus n sp. ad interim. This 
suggestion coupled with the lack of any authentic material for either ascomycetes resulted 
m much confusion about the exact nature of Miehe's fungus. 

In 1963, Apinis isolated from soil near Nottmgham several strains he referred to 
Thermoascus aurantiacus These isolates exhibited no morphological deviations from the 
original description They also proved to match a strain maintained at the CBS under this 
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binomial and isolated by Noack (1912) Apmis noted the structure of the cleistothecium 
be related to certam species of the Gunnouscuceue with the presence of large clavate 
conidia remmescent of "clasterospores ” of some Trichophyton species. 

In 1964, Cooney & Emerson provided a detailed description and a latin diagno- 
ss of Thermouscus aurantiacus based on their "strain M 206516 (our culture No 2)" 
thought to match Miche's fungus. This was also then regarded as an earl.er name of 
Dactilomyces thermophilus In the established descr.ption, a distinctive contdial state 1s 
depicted. Th.s anamorph approximate figures produced by Sopp (1912) and which were 
later regarded (Stolk, 1965) as rather reminiscent of Paecilonnces Bain (see also com 
ments under Dactylomyces thermophilus). 

However, im the same year, Apinis & Chesters (1964) introduced Duct lont; ces 
cristaceus anamorph Paecilomyces cristuceus) and reported to it the CBS stram 374 62 
(= NRRL 1563) labelled Dactilunnces thermophilus by Raper & Fennell In 1965, Stolk 
re examined this strain and concurred with Apinis & Chester's decision She then sugges- 
ted Cooney & Emerson's neotype of Thermouyeus aurantiacus (M 206516) 1s most likely 
identical with Dactylomyces crustaceus 

Stolk (1965) then examined all cultures maintamed at the CBS as Thermodscus 
aurantiacus’ CBS 256 34, CBS 257 34, CBS 41562 and CBS 198 64 These isolates 
produced elhptical finely echinulated ascospores, measuring 50-70 x 3 5-5 0 pm 
No associated anamorph producing chains of conidia was developed by any The absence 
of an anamorph producing spore chains was already stressed by Miche (1907) and such 
was confirmed few years later by Noack (1912) Stolk then underlined these features 
sapport the distinctiveness of Thermoascus attranttacus from Dactylomvees thermaphitas 
thaving a yet undefined anamorph) and also from the well described Ductvlomces 
orasta ens and its Puecilomyces anamorph Unfortunately Stolk then tranferred the latter 
to Thermoascus 

In 1967, Apmis published a comparative study of Thermoascus and Dacty fon 
ces based on freshly isolated strains. He re examined Cooney & Emerson strain M 206516 
and confirmed Stolk (1965) suggestion about its similarity with Duc lom ces crustaceus 
This lead to a definite rejection of Cooney & Emerson's taxonomic considerations about 
Thermouscus type species and to its identity with Dach lorn ces thermophilus Second, the 
morphology of Apinis fresh isolates of Thermouscus aurantius was in bne with Stolk 
(1965) observations. 

Apinis also noted the presence in the aerial mycelium of “conidia of Apha- 
house us Ot Microsporum type — developing terminally on long or short hyphal branches 
singly and being clavate or somewhat spindle-shaped. smooth. 0-3 septate, 12-35 
x 5-10 um" Miehe (1907) did mention such aleuriospores in the type species Strain 
BDUN 343(. IMI 91787) isolated from alluvial grassland soil was designated neotype 
for Thermoascus aurantiacus. 

Recent reports confirms Zhermouscus aurantieus have a wide distribution 
(Domseh er al, 1980, Chen & Chen. 1996) This ascomycete proved to be a strong 
thermophile with growth starting at 30° C and up to 62^ C, growth opumum around 45° C 
with formed colonies being bright orange to orange brown Ascospores are definitely 
elhpt.cal and slightly roughened Presence of terminal aleuriospores apparently depends 
on examined strains. 

Thermoascus was placed in the family Om genaceae (order Onygenales) by Benny 
& Kimbrough (1980); they placed Da /omy ces in the Trichocomaceae (order Eurotiales) 
Tt was maintained in this family by von Arx (1987) but with Duen fonnces being a 
synonym Thermoascus was however excluded by Currah (1985) from the On) gende eue 
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because “there ts no evidence of keratinolytic abilities nor does it have strictly rhexolyti- 
cally dehiscing conidia”, Currah mentions not Dactylomyces 

Ther nioascus isatschenkois regarded as a doubtful species of which no sat.sfac 
tory description exists and no material is available for compar.son (Cooney & Emerson. 
1964, Apinis, 1967). 


Thermoascus aurantiacus Miehe var. levisporus Upadhyay, Farmelo, 
Goetz & Melan — Mycopathologia 87: 73. 1984. 


The orginal isolate was obtamed from a top layer soil at La Ceiba. Republie of 
Honduras Minimum and maximum growth temperatures are 31 and 61 C respectively 
with the optimum being at 49 50" C. The variety differs mainly by ellipsoidal smooth 
rather than "echinalate ascospores ^, 37-7 1 x 22-5 5 um (5 0-70 < 35-5 0 um for the 
species) Conidial anamorph of the aleur.ospore type matching those of the species were 
infrequent, borne terminally, clavate. thick walled, smooth, 15:25 x 7-17 ym. All other 
characters duplicate tne species. Production of protease enzymes was also assessed (Matey 
et al , 1984). 


Thielavia australiensis Tansey & Jack — Canadian Journal of Botany 
53: 82. 1975. 


Descriptions Tansey & lack (1975), von Arx (1975), von Arx et af 11988) 


The protologue was based on strains molated from nesting material of an 
incubator bird the mallee fowl Lupou occlluta Gould in New South Wales, Australia 
Optimum growth recorded at 35-40" C. maximum at 50° C, minimum not detined 

This Zhu tenu is distinguished by small pyriform brown ascospores, 6 8 x 
5-6 um. having a germ pore at the attenuated end Simple aleuriocomdia are produced in 
culture according to the protologue, these are continuous. lateral, sessile, colorless, ovoid, 
5-8 x 3-5 um The langus has apparently not been reported after its description «von Arx 
et ul., 1988). 


Thielavia pingtungia Chen K-Y. & Chen Z-C. Mycotaxon 60: 
242. 1996, 


The fungus was isolated from a sugar-cane field in Taiwan The specific epithet 
refers to the original locality. Pingtung No growth developed between 25 and 30° C with 
the optimum being around 40° C and the maximum fairly above 50° C 

The species is characterized by dark globose cleistothecia covered w.th brown 
thick-walled hairy appendages, ascomatal hairs of the Chaetomum type, 2 5-4 0 um wide 
and up to 350 jm long, ascomatal wall pseudoparenchy matous. Asti cylndric, 40-52 x 
7-9 um, stipitate, fasciculate, 8 spored Ascospores usually uniseriate, globose to subglo- 
bose dark brown smooth, thick walled, 8 5-10 0 x 6 5-8 5 um. No anamorph developed 
1n examined cultures. 

Thn lavia pingtungia have several features in common with species ass.gned to 
Chae tumidum, for the moment, the :alter groups only mesophilic ascomycetes (Silva & 
Hanlin, 1996) 
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Thielavia terrestris (Apinis) Malloch & Cain — Canadian Journal of 
Botany 50: 66. 1973. 


basionym: Allescheria terrestris Apmis Nova Hedwigia 5: 68. 1963. 
anamorph. Acremonium alabamcnse Morgan Jones as 'ulahumenvis Canadian Journal 
of Botany 52: 429. 1974 


Descriptions . Apuus (1963); Malloch & Cain (1973); von Arx (1975) 


The original material was observed by Apmis (1963) in the course of his work on 
(hermophilous fungi mhabitung alllus tal soils m Great Britain He described the fungus as 
Mleschoria terrestri without providing any argument favouring such a decision, he also 
assigned the anamorph to Cephuloypornon (now Acremonium Link Fr). Allescheria ter- 
restin Was then transferred to. Muenra Zopf Following its descr.ption, the fungus was 
reported from various habitats and 15 now known to display a w.de geographic distribu 
tion Ascospores are ovate or pyriform, brown, thick-walled, provided wiin a distinct germ 
pore at the attenuated end, 5.0-7.5 x 4.0-5.5 um 

The hyphomyvete Acremonium alabamcnse was described exclusive of a teleo- 
morph, „t was isolated from needles of Panis tudu Later on, Samson et af (1977) found 
1t to mateh the anamorph of Fin dava terrestris For this ascomycete, sometimes only the 
anamorph is observed during isolation studies and appropriate mat.ngs are required for 
the development of the teleomorph These authors conducted extensive mating experi- 
ments with several strains of T. teriesrris and A alubumenye, they came to the conclusion 
that the mating behaviour of Fred terrestris could best be interpreted as indicating 
homothallism with cross-feeding 

Some species of Chuefomium also produce in culture a phiahdhe state approxi 
mating Acremonium alahamense The latter was recently selected as the type of the new 
seston Chactmiondes of Acranonum established to also accomodate phialidie states of 
some Chaetomium species (Morgan-Jones & Gams, 1982). 


THERMOPHILIC HYPHOMYCETES 


Acremonium alabamense Morgan-Jones as “alabamensis” — 
Canadian Journal of Botany 52: 429, 1974. 


teeomorph Ficha terrestris Apmis) Malloch & Cam Canadian Journal of Botany 
50: 66. 1973 


Descriptions Apinis (1963), Morgan Jones (1974), Morgan-Jones & Gams (1982) 


As underlined before, this hyphomycete was described exclusive of the teleo- 
morph being isolated from needles of Pinus taeda collected in the state of Arabama (USA) 
The teleomorph was described before from alluvial soils sn Nottingham (UK) with the 
anamorph being indicated as simply representing a € ephalosportum sp. 

The repeated isolation of an 4e:emonuon sp (rom heated habitats led Samson ef 
al 41977) to compare it with the fungus described by Morgan-Jones and the anamorph of 
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Thre laus terrestris, All three hy phomycetes were found to represent the same fungus. This 
finding rose few questions concerning the developmental behaviour of the teleomorph 
Extensive mating studies were then undertaken with isolates of Thuelavt terrestris, 
Acremonium sp and of A alahamenye Although results allowed not a definite conclusion 
as to the heterothallic nature of the teleomorph, these support the hypothesis indicating 
the mating behavious of Z/uelavia terrestris 18 a case of homothallism with cross-feeding 
(Samson et al., 1977) 

Acremenunn alabamense could thus be observed alone in studies involving high 
temperatures incubaton It was revently selected as ty pe of the new section Chüeromioides 
of the genus established to also accomodate the morphologically similar phialdie states of 
some Chactemium species (Morgan-Jones & Gams, (982) The fungus produces compa- 
ratively fast growing v olonies, velvety, whiush, with yellowish to brownish runner hyphae, 
3-4 5 um wide Comdiophores are simple, short, 8-25 x 1-1 5 im. Conidia are obovoid to 
pyrfiorm, smooth, with a truncated base, 3-6 « 2-3 um (Morgan Jones, 1974) 


Acremonium thermophilum W. Gams & Lacey — Transactions of the 
British mycological Society 59: 520. 1972. 


The described material developed on self heated sugar cane bagasse in Trinidad 
The fungus ıs regarded as umque among known Aerenionitun Link Fr species on account 
of its thermophilic habit and production of submerged hyphae partly having pigmented 
walls The species was assigned in dcremonitan sect Nectriondca duc to the development of 
thich-walled conidiophores w.th basttonous ramification Growth is strong but slow at 
20° C, very good between 25 and 40 C and very weak at 47° C. Conidia are ellipsoidal, 
3,0-4.0 x 1.3-1.7 um 


Humicola hyalothermophila Moubasher, Mazen & Abdel-Hafez — 
Transactions of the British mycological Society 72: 509. 1979, 


Descriptions: Moubasher et al, (1979); Moubasher (1993). 


This sotl-borne hyphomycete was originally isolated from several local.ties in 
lordan No growth develops either at 28 or 55° C with good development being at 45" C, 
growth optimum value is not specified This thermophile was d.sunguished from the 
mesophihe Humla fiecoutra Traaen mainly by sts slightly larger hyaline conid.a (not 
colored light brown as in H frscoutru) and intercalary chlamydospores. It was later on 
observed in Saudi Arabian soils (Bokhary, 1986). 

The taxonomic position of this fungus needs to be re-assessed 


Malbranchea cinnamomea (Libert) van Oorschot & de Hoog — Myco- 
taxon 20: 129. 1984. 


bawonym. Trichothecenen cinnamomeun Libert Plantae crvptogamae Arduenna, Coll 1. 
Nr. 1013, 1830 
= Geofitchum «mnamomeun (Libert) Sace Revue Mycologique (Toulouse) 11 55 
1881; Michela 2: 636. 1882 
= Theimoideum sulfureum Miche Deutsche Botanische Gesellschaft 25 515 1907 
= Malbronchea pulchella Sace Sydow, Annales Mycologict, Ser I, 6: 557 1908, Sacc & 
Traverso — Sylloge Fungurom 20. 11. 1911. 

Mulbranchea pulhella Sace & Penzig var sulfurea (Miche) Cooney & Emerson 
Thermophilic Fungi: 102. 1964, 
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= Malbranchea sulfurea (Miche) Pidophchko — In "Fungus Flora of Coarse Fodders un 
Russian)", 170. 1953. 
7 Malbranchea sulturea (Miehe) Sigler & Carmichael Mycotaxon 4 441 1976 


Descriptions Cooney & Emerson (1964), Sigler & Carmichael (1976) 


Miehe (1907) erected Thernionk wn, type species T sulfureunt, for a hyphomycete 
he encountered. during his pioneer imvest.gation of the self-heating process of hay 
He studied the fungus in culture and stressed its thermoph,lie nature Saccardo (1908) 
however immediately considered this type species as matching the morphologically close 
mesophilic type species of his genus Malbranchea, M. pulchella Sace. 

In 1964, Cooney & Emerson provided an excellent account of a strain matching 
Miehe's deser.ption For this fungus, they simply proposed the varietal name sulfurea 
pending a comprehensive comparison with the almost identical mesophile Malbranchea 
palhella The comparison was later undertaken by Sigler & Carmichael (1976), they 
concluded high temperature requirements are sufficient to warrant a specific status and 
provided the binonual Mafhranchea sulfurea (M.ehe) Sigler & Carmichael 

The combination Mafbranchea cmnamonea was based on Triehotheeuim onna- 
meneum Libert. 1t was establ.shed by van Oorschot & de Hoog (1984) after examining 
dred authentic material of the latter However the possible similarity with Mulbranchea 
sulphurea Was not considered Sach was establ.shed later on by Sigler (1987) after a study 
of appropriate authentic material. 

Malbranchea camamomed is an easily recognizable thermophilic hyphomycete 
being recorded on a variety of substrates under dillerent conditions (Sigler & Carmichael, 
1976) 


Myceliophthora fergusii (van Klopotek) van Oorschot — Persoonia 9: 


406. 1977. 


basionym Cfi sospor em Jergusit van Klopotek Archives of Microbiology 98 366 
1974 

Teleomorph Cory nascus thermophilus (Fergus & Sinden) van Klopotek Archives of 
Microbiology 98; 366, 1974, 


Descriptions: van Klopotek (1974); van Oorschot (1977, 1980). 


As underlined under the teleomorph, provision for the anamorph of this asco- 
mycete was made several years after the dis overy of the heterothallic nature of the perfect 
State The anamorph was simply stated as being distinct from the close previously 
described hyphomycete now renamed Mycelophrhora thermophila Both anamorphs can 
thus be observed separately from their respective teleomorphs in mycological analyses 
conducted at high incubation temperatures. 

Mycehophthora fergusst produces pinkish cream floccose colomes, aleurtospo- 
res are pyriform to clavate, smooth and thick walled, nearly nyaline and with narrow basal 
attachments, 5-12 x 3-5 um. 
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Myceliophthora hinnulea Awao & Udagawa Mycotaxon 16: 
438. 1983. 


The type locality 1$ cultivated soit m Japan Fungal growth ts extremely reduced 
at 20°C, optimal growth is at 40-45" C and maximum somewhat above 50° C 
No connection with a teleomorph yet established. 

Micehophthora hinnulea differs from the five previously described species (van 
Oorschot, 1980) mainly by dull to greyish brown colonies and brownish conidia conspi- 
cuously verrucose to spinulose, 8 0-10 0 x 6 0-7 5 km Almost all known members of this 
genus are thermotolerant or thermophilic with sporulation often being good between 
30-40° C, 


Myceliophthora thermophila (Apinis) van Oorschot — Persoonia 9: 
403. 1977. 


basionym Sporcetri mim thermoplntum Apmis as. thermuphile’ Nova Hedwigia 5 74 
1963. 

= Chr) sospornen rhermoph lum (Apmis) van Klopotek.— Archives of Microbiology 98 
366. 1974 

u Mycchopdthora mda Basu Nova Hedwigia 40 85 1984 (nom mul, Art 37 1) 
Telcomorph Cerraascus het rothalticus (van Klopotek) von Arx — Sydowia 34 25 1981 


Descriptions: van Oorschot (1977, 1980), van Klopotek (1974) 


As stressed betore Micelophthora dhermophila was described exclusive of its 
correspond.ng teleomorph Since the latter ıs heterothallic, the anamorph could thus be 
observed alone in studies involving thermophihe fungi. The species ditfers from other 
members of the genus by its dark colored colonies, occasionnally greenish and by smaller 
mostly obovate conidia, 4 5-11 0 x 3 0-4 5 pm, conidia are hyaline, thick-walled and 
rough. Fresh isolates always have some rough conidia but older cultures tend to produce 
only smooth ones The species displays a wide geographic distribution being a common 
component of decaying manure, silage, wood chips and pulp, ete (Cannon, 1990) 

Micelophthara indica: was isolated. from garden soil and from decomposed 
leaves of Chtoria sp Attemps to Jocate original material were unsuccessful although Basu 
(1984) underlined her intention to deposit both available strains at the CBS The fungus 
was compared with the ty pe culture of My cehophthora thermophila considered by Basu as 
being thermotolerant The “strongly thermophilic” Indian strain was tound to deviate 
many by smaller definitely roughened conidia No mating attempts were undertaken and 
the ex.stence of a known teleomorph not stressed in the publication Analysis of the 
protologue clearly indicates the Indian stram do represent Vycelioplitfiora thermophila 


Scytalidium indonesicum Hedger, Samson & Basuki — Transactions of 
the British mycological Society 78: 365. 1982. 


The original material was tsolated from soil of the Bogor Botanic Garden, West 
Java The fungus was also recovered from Dipterocarp forest soils m South Sumatra. lt was 
reported as being simply "thermophilous" able to grow rapidly at 45° C 8 5 cm at 36h 
Later Straatsma & Samson (1993) stated it 1s thermophihe. 

The Indonesian taxon is distinguished by the production of comdia (intercalary 
chlamydospores) thick-walled brown, ellipsoid to barrel shaped. often with irregular 
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outgrowths and also often constricted at the middle of the cell, 1525 x 7-12 um, on 
maturity these conidia secede rather easily and appear iregular m shape Dark brown and 
tick-walled similar but less wider conidia (termed arthroconidia) also develop in chains, 
13 32 x 5-8 um, these do not secede easily The presence of terminal conidia (or lateral) is 
not underlined 

Scytaludium indonesium approximates S. thermophilam which mostly produces 
spherical to subspherical dark brown smooth con.dia 9 14 um wide, oblong or ellipsoidal 
ones measure 8-18 x 7-14 um. However, neither these Se vralidium develop the second 
hyaline arthroconidial state characteristic of the type species, S. fignicula (Elis M B, 
1976) The description of S wdoncstctan is however in Lne with the introduction in 
Sty talium of taxa only developing dematiaceous arthroconidia (Sigler & Wang, 1990) 
Such additions makes Scytalidium a heterogeneous entity. 


Scytalidium thermophilum (Cooney & Emerson) Austwick — New 
Zealand Journal of Agricultural Research 19: 29. 1976; emend. Straatsma 
& Samson — Mycological Research 97: 327. 1993. 


basionym, Jorula thermophila Cooney & Emerson Thermophilic Fungi 92 1964 

Humicola insolens Cooney & Emerson — Thermophilic Fungi; 79. 1964 
= Humicola fuscvatra var longispora forma msolens (Cooney & Emerson) Fassatiova 
Ceska Mykologie 21: 80. 1967. 

Hunicola grisea Traaen var Hfiermioidea Cooney & Emerson — Thermophilic Fungr 79 
1964 

Humicola msolens Cooney & Emerson var /icrmoidea D H Ellis Transactions of the 
British mycological Society 78 133. 1982. 

Hwmweola fuscoatra Traaen var nigra Subrahmanyam Hindustan Antibiotics Bulle 
tin 24 41 1982 (rom anal , Art 36 1 description only), Jhul 25 62 1983 (latin diagnosis, 
nom, inval, Art. 37.1) 
= Hunucola mgrescens Omvik var tu rmorongcura Subrahmanyam Hindustan Anti- 
biotics Bulletin 24 45 1982 (nom. mval , Art 36 1. description only). fond 25 62 1983 
(latin diagnosis; nom inval., Art. 37.1). 
= Scytaliduam allahabadium Narain, Srivastava & Mehrotra Zentralblatt fur Mikrobio- 
logie 138: 570. 1983. 


Descriptions Cooney & Emerson (1964), Ellis M. B (1976), Straatsma & Samson (1993) 


Cooney & Emerson (1964) while describing Humu ofa insolens and H grisea var 
thormoulea mdicated "the problems concerned with the Monorospora Hunincola-Torala 
can only be resolved when all forms, both thermophilic and mesophilic, can be studied and 
compared in detail". The genus Monotospora was cited in relation to Mason (1941) who 
had then concluded that Af dalur Mason predates Humicolu fuscoatra Traaen Torula 
thermophila was apparently not concerned by this statement since its description is found 
some twenty pages later Humicole grisea var thermoulea Was considered as a variety 
(although not producing phialospores as the species) “chiefly because of the uncommon 
occurrence of intercalary chlamydospores" The abundance of these structures was then 
used to distinguish Humicola insolens Cooney & Emerson 

Later, Emerson (1968) stressed “Humucola grisea var thermordeu has smooth- 
walled chlamydospores (aleuriospores) borne singly on short lateral branches with the 
a.most absence of any intercalary chlamydospores, on the other hand, isolates of Hom- 
cola msolens regularly produces intercalary chlamydospores singly, in pairs or in short 


Source MNHN Pans 


48 J MOUCHACCA 


chams in «dd.tion to sol ary terminal spores on short iateral branches, in Zorula thern 
phula chlamydospores are again smooth and brown, all formed in longer or shoni 
intercalary chains and rarely in a terminal position" 

The tàxonoma, statas of this Aranic alu-Torula complex remamed unchane 
unt! Austwick (1976) tranferred Zi rudu ter moplula Lo Scy talidim Pesante sense Lt 
M. B (1971), the latter nad emphasized the dark pigmented arthroconidia of the 11 
species S [igni ofa However Austwick did not provide any argument in favour of sust 
transfer Later Sigler & Carm tae. (197601n the course of their study of hy phony. 
with artaroconidia accepted Seront oy delim.ted by Ellis M B, seven species v 
then retained with some developing only the demutaceous enlamydosporn stats TI 
additions introduced mach heterogeneity m the genus (Sigler & Wang. 1990) 

Fils D H (1982 conducted «ltrastrectural studies of the conidial ontoze 1 
both Manuceda proposed by Cooney & Emerson t 964) After examining type strains 
ether isolates, he concluded H ew var mermnidea ts à separate entity exh he 
considerable genetic variation among strains, further, it should rather be const 
variety of Hate we ules This proposal was not in hne with the suggestion en 
cather y Awang Otsuka (974) stating that both Cooney & Emerson's Himen 
represent the same fungus. 

The respective status or these three nyphomycetes remained as sus h un 
recent publ ats n m. de by Strectsma & Samson (1993) They compared a large n 
ol surans labeled Feria nem presa. Hancola guiwa var. fhermondea or H m 
ancluding corresponding autnenue materi]. Their conclusion was that all such 5 
represent one single durable species or à. morphologically mdistinguishable s 
«omples “lor sane à the binomial Seta utum Mermuph dum (Cooney & Emerson 
tan sa eid contnte to beappired pending further studies, Such a imitation acco «t 
the tact he type species of S heal Sa dimorphic fungus having in addition ss 
arthconds Isynanamorph the ase of the binomial Scy faftdian tÉermophifum ass 
questioned, 

Hon wees enna var mend Subrahmanyam was soated form soil «t b 
lada The pr-tot gue amest dupheates that of Funucoli insolens sens. Cor 
Emerson except At a eur osperes of the Indan stram are ind.cated as being sc i 
leget Meurosp, Tes ate qn cour rare; bicellalar, single, rarely n chains of 24 
mo th sphe teal and. 26 jm diam , ovod and 13 0-16 5 # 10 2-16 5 am or py 
ena 58 1238. om Chlamydospores mtercalary with dimensions ane - 
tion identical to those of the aleuriospores. 

Howe ss wes Nar. Pieri orengeura Subrahmanyam was Bolt 
eunte Rap at Maaarashtran, India The provided protologue stress the pres 
sd ur spores pr duved singh or an chains, globose (8 5-145 4m) or ovod (Il 

2128 uni with similar intercalary chlamsdospores This description matehes 
cola grisea var. thernioidea sensu Cooney & Emerson. 

Soul ian ud hiwa haa Naram er al developed while examining m 
refuse 11 the Mloafabid reston India It was first identitied by P M Kirk I E 
S healer ner epar Naran crab, 1983). However the Indian authors sti» 
strain dey ates on account of rts colomes co;ored grevish-black coupled with tier Fi 
ton of larger spores with shapes commonly other than globose In Sci tali 
H. sb spores vers from 13,20 am while those of other shapes measure 45 
SR mide 255 75 lotum tor an Indian strain of Se tala arm T 


Roes mination of the type material (IMT 243118) contirm it represents à Se 
Scytalilium thermophilum 
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Thermophymatospora fibuligera Udagawa, Awao & Abdullah — Myco- 
taxon 37: 100-101. 1986. 


Thermoph matospora XV dagawa et al (1986) was proposed for an unusual so.l- 
surne hyphomycete assignable to a bastdiomycete anamorph The original strain ot the 
1s pe species T fhuhigeru derives [rom an Iraqi date palm plantation 1t is characterized by 

« loblastic umcellular conidia being terminal or lateral, large, brownish, globose, thick 
salled and tuberculate. 20-25 um wide Such conidia are superficially reminiscent of some 
M cchuphthora species. However the hyphae of this hyphomycete are regularly provided 
wth simple clamp connections at the tranvserse septa No Link with a particular teleo- 
morph has yet been established. 

Tne fungus growth and sporulation are opumal around 35-40* C, almost nil at 
20^ C, with maximum being at 45? C. 


Thermomyces ibadensis Apinis & Eggins — Transactions of the British 
mycological Society 49: 631. 1966. 


This hyphomycete was first recorded during studies of micro-organisms respon- 
sie for the biodeterioralion of palm kernels in Nigeria The minimum temperature for 
arowth is between 31-35° C, optimum hes around 42 47° C and maximum at 60-01? C 
This Thermomaces differs from the type species 7 lanugmosus by its smaller unicellular, 
spherical, smooth, brown conidia, 4 0-8 0 m wide, and by its slender and more frequently 
branched conidiophores. 


Thermomyces lanuginosus P. Tsiklinsky (sensu Miehe 1907) — Annales 
de l'Institut Pasteur, Paris 13: 500-505. 1899. 


Sepedonmim. lanugmosun Miche) Griffon & Maublanc Bulletin de la Societé 
Mycologique de France 27: 70. 1911. a 

Manotospora lanuginosa (Griffon & Maublanc) Mason — Mycological Papers 3 59 
1933 

Humicola lunugmosa (Grittun & Maublanc) Bance as ‘luiuginests’ — Transactions of 
the British mycological Society 44; 375. 1961 

Acremoniella sp Rege Annales of Appled Biology 14 28 1927, fide Mason, 1933 

A thermophila Çara Atu dell'Istituto botanico delV niversita di Pavia, Ser 4 154 
1929, fide Mason, 1933 

Hanucola grisea Traaen var mdu Subrahmanyam Current Science 49 30 1980 
(nom, inval., Art. 36.1) > a ? 

Hunicola lanuginosa (Griffon & Maublanc) Bunce var cutenudate Morinaga in Mor.- 
iaga, Kanda & Nomi Journal ot Fermentation Technology 64 452 1986 


Descriptions Cooney & Emerson (1964), Barron (1968), Elis M B (1971), Domsch ur ut 
(1980). 


Thermomyces was introduced by Tsiklmsky (1899) for one species, T /umiguie- 
wy, Isolated from garden soil, the original isolate was however not maintamed M.ehe 
11907) retained this binomial for an isolate from composted hay Grilfon & Maublanc 
(1911) studied a culture identical with the stram figured by Miche, but expressed doubts as 
whether the corresponding hy phomycete would be conspecific with the fungus pro- 
posed by Tsiklinsky They argued the protologue was insufficient for a definite conclusion 
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since from published informations. the fungus examined by Tuklimsky would have 
conidia detmitely smaller than indicated by Miche” Griffon & Maublane then assigned 
their isolate to Scpo denuo Link on account cf the slightly verrucose nature of the 
conidial wall. 

In 1933, Mason examined a culture of dorone la ther epi Curzi, “kindly 
suppl ed by Mr Cura”, he noticed the simclanty with Sepedenman lungim vim and also 
with docmanedla sp. Rege As Mason had concluded before that fcremonn fla Saec was 
a synonym of the earher Monotospora Corda (non Monorespora Vial ), he proposed to 
rename the tangus of Griflon & Maublane Monete spora latns No mention ol the 
b.nomial ZA riens larmes was made by Mason. In tne meantime Curzi (1930) 
published an extensive cultural study of his dercomon da thermophila, à ungas he had 
previoasly submitted to Griffon & Maublang lor exammaLon yide Mason. 1933) 

While describing: Phermonaces stellato (= Mumcoke stellt, Bunce (L961) 
questioned the maintenance of the Gr.flon & Maublane fungus in. Monorespora Corda 
since [and as also stressed by Mason 1933, 1941], the concept ot this genus was still under 
debate Bunce rather favoured the transfer of Moreriespora. hangin to Humn ela 
Tisuen established tor mesophilic hy phomycetes sharing the same type of aleur.ospores 
Cooney & Emerson (1964) to.lowed Bunce proposa? On the other hand La Touche (1950) 
Who had isolated this tangas from compost, considered the binomial In imenncy 
lanugine The latter name was also retamed by Apinis (1963) on the basis all his isolates 
from alluy.al sors agreed with the orginal description provided by Tstklinsky (1899) 

The status of Thermomyecs was tinaby definitely settled by Pugh crat (01964) 
While describing the mesophibe Z orme, in the latter a transverse septum 1s present 
pst below the comd.aphore apex delimiting a small apisal «ell. According 10 these 
authors, such « feature is evident from Ty.kLasky s photomicrographs and this provides 
arguments that her solate is lenteur to the fungus now known as Therman ces heater 
nosey Pugh ef al then provided a description and drawings lor the latter based on the 
neotype stram [MI 84460 0 ATCC 22070) isolated by Bunce trom mouldy hay at the 
Rothamsted Experimental Station in 1959 

In tne same year 1964, Cooney & Emerson in thor treatment of thermophihe 
tuner anderlined their first isolate of Humiola Thomos lameannosus was strun 
No 20 obtained in 1945 by D O Cooney from retung guayule shrub. This strain was later 
on numbered M 206522 at the Unvers.ly of C alitornia Herbarium, Berkeley | ATCC 
10455 . C BS 012 91) [t provided the matenal for the description and drawings reported 
m their monograph The solate selected by Pugh cto! (0964) was explicitely designated 
“neotype”, it has to be regarded as such against M 206522. 

Subsequent taxonomi treatments of hyphomycetes uniformly accepted Ther 
manc tCarmichas] ord 1980) An ultrastructur. study of the comd.al ontogeny of its 
ty pe species was cc ndacted by Ellis D H (1981) Further, recently Straatsma and Samson 
(1999) re-examined roate CBS 1537517 ATCC 28402) belonging tv the unpublished 
Hutnicola hier (G Iman & Abbott) Guman var. rims Subrahmanyam, this was 
re identified as Fhermonnecs lumens They also concluded the same for the similar 
unpublished taxon Manica monpa Subrahmanyam & Thiramalachar based on CBS 
152.75 (= ATCC 28403) 

Huit. ole grise var mdau (Subrahmanyam 1983] was obtained as a laboratory 
contaminant at Prmpri, Poona “trials to locate the representative strain were unsadccessfal 
Accc ding to the author, a «rtc; study revealed ^t belonged” to Zfimiola grisea (Which 
prodaces mtercalary chlamsdespores) and approximates its var. thermonica which also 
produces mtercalary chium dospores) However, the general lay-out of the drawings and 
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features underlined m the description clearly stress the proposed variety represents 
Thes momvecs lanugmosus The only deviation is the smooth character of the con.dta n the 
proposed variety aga.nst the wrinkled condial surface of ZI rmonaecs lamegnasus 

Hum ola lanuginosa var carenuluta (Mormaga et ul , 1986) was obtained m the 
course of a survey of soil borne thermophiles for high producer strains of Iipasc enzymes, 
Morphologu al details underlined in the publicat.on clearly indicate it represents a deviant 
strain of Thermomyces lunuginosus. 

The mesophihe Fhermomces verrucosus Pagh, Blakeman & Morgan-Jones 
11264) displays no growth above 37. C. It has globose, dark brown conidia with conspi- 
vaously warted surfaces, 10-17 pm wide These structures are defimtely larger than aleu- 
niospores of the type species. 


Thermomyces stellatus (Bunce) Apinis — Nova Hedwigia 5; 75. 1963. 


basionym Humu olu stellata Bunce as ‘stellatus Transactions of the Brish mycologi 
cal Society 44° 372. 1961 


Descriptions Bunce (1961); Apinis (1963); Ellis M. B. (1971). 


The original material was isolated from mouldy hay m England and Wales The 
Lingus develops optimally at 4U' C with growth being very slow at 24 € and not 
extending above 50" C Comdia of the aleuriospore ty pe, angular, lobed, smooth, pale to 
mid brown or greyish brown, 5:10 x 59 um The transfer to Z/n rmonnecs is based on 
account of the absence of phialospores in culture and s.milanity in con.diogenesis, 


THERMOPHILIC MYCELIA STERILIA 


Myriococcum thermophilum (Fergus) van der Aa — Verhandelingen 
Koninklijke Nederlandse Akademie van Wetenschappen Afd. Natuurkunde, 
seies IT, 61: 60, 1973. 


basionym: Papulaspora thermophila Fergus. Mycologia 63: 426. 1971. 


Descriptions; Fergus (1971); van der Aa (1973) 


This 'bulbil-producing fungus’ was described from mushroom compost in Swit- 
zerland (Fergus, 1971) [n vitro, such structures appear very rapidly at 45° C in the aerial 
and submerged mycehum They are white at first, then yellow and finally orange at 
maturity, in mature bulbils, cells of the outer layers are narrower and more elongate than 
vorresponding internal more intensely colored globose cells. The fungus shows no grow th 
at 28? C and 53° C with the optimum being at 45° C. No connection with a perlect stage 
yet established. 

From seedlings of a Begonia species heavily infected with small selerotia, van der 
Aa (1973) isolated a fungus match.ng the description of the type of Myrrecoccim Fr, 
M praecox Fr. Subsequent comparison with representatives strains of Papulaspora bys- 
sma Hotson confirmed similarity of both taxa Also examinat.on of the type of Pupulas- 
pora thermoplila Fergus proved it to be congeneric with Miriococcum praecox except for 
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its thermophilic character As Miriococcum predates Papuluspora Preuss, van der Aa 
transferred Fergus fungus to the former generic entity 

The term bulbil 1s now restricted to homogeneous pseudoparenchymatous 
bodies occurring only in the basidiomycetous genera Burgoa Goidanich and Minumediva 
Weresub & LeClair. The term papulaspore is applied to thallodic propagules differentiated 
from the inception into central and sheathing cells (Weresub & LeClair, 1971) Such 
thallodic propagules occur amongst the myvelta of some species of Afelunaspora Corda 
and few probably related ascomycetes, 


THERMOTOLERANT BASIDIOMYCETE 


Phanerochaete chrysosporium Burdsall apud Burdsall & Eslyn — Myco- 
taxon 1: 124. 1974. 


anamorph Spororrichwn prumosum Gilman & Abbott — Iowa State College Journal of 
Science 1: 306, 1927, 
= Chry sosportum pramosam (Gilman & Abbott) Carmichael Canadian Journal of 
Botany 40: 1166 1962, 

Emm nyia. brasiliensis Batista et ul Revista Facultad Medecina, Universidad. de 
Ceara (Brazil) 3: 52. 1963. 
7 Sporctrichum dehradunense Sarbhoy & Saksena  Sydowia, Annales Mycologici. Ser 
H, 19: 198. 1966 ("1965"). 
= Chrysosporium lignorum Bergman & Nilsson Department of Forestry, Proceedings 
of the Royal College of Forestry, Stockholm, Research Notes, 53 28 1966. (nom mal , 
Art. 36.1). 

Sporetra num pulverulentum Novobranova Novosti sistematiki nizshikh rasteni 9 
184. 1972 


Description: Stalpers (1984) 


Sporotrichum prumosum (also as S. pulverulentum and Phanerochaete chrysospo- 
rium) ys a thermotolerant hyphomycete that has become the subject of many recent 
phystolog.cal studies, The fungus is known to produce three types of hydrolytic enzymes 
active in the degradation of celluluse It is actuasly used as a model for the biodegradation 
of l.gnin and the production of protein from lignocellulosic waste material, a process 
designated ymgle-cell protein (Stalpers, 1984) For these reasons, itis included in this study 

The protologue of the anamorph ts based on a strain isolated from soil The 
fungus was later on transferred to Chr sospornen Corda on account of the confusion 
surrounding the generic concept of Sporotrehum Link (Stalpers. 1978), As for the 
teleomorph, the first specimen was collected m the Sonoran Desert, Arizona (USA), when 
cultured, it produced a Chrtsospermm state matching Sporatrichum prunosum Later on 
the teleomorph could be obtained m vitro under particular cultural conditions, Reported 
cardinal temperatures are minimum 7? C, opt.mum 36-40? C, maximum 46-49? C 

In culture Sporatrichum prumosum ts the most variable spec.es of the genus and 
such accounts for the several published synonymes. The similarity with S. pulverulentum 
has been the matter of a long debate (Burdsall, 1981) but recent studies provided 
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arguments in favour of such a synonymy (Stalpers, 1984). Citation tn applied work of the 
teleomorphic name ts favoured against the two commonly cited anamorphic binomials 
sance several nomenclatural problems are sul] connected with the latter Tne fungus has 
also been reported as a human pathogen being isolated trom lungs and this explam its 
inclusion in the genus Emmonsia Ciferri & Montemartini 


TAXA OF UNCERTAIN POSITION 


— Mucor thermo-hyalospora Subrahmanyam — Bibliotheca Mycologica 
91: 421, 1983. (nom. inval., Art. 37.1). 


The examined strain was isolated from contaminated curd collected in the local 
market at Pimpri, Poona, India The fungus is clearly thermophilic with growth starting at 
24^ C, being optimum at 45° C and maximum at 55° C. According to the author "careful 
study of monosporic cultures showed that 15 closely resembled Mucor tatricus Milko & 
Schkur but differs trom it m being homothallic Therefore it i$ described here as a new 
species", 

The presence of weakly developed rhizoids in Mucor tuuricirs, accounted for its 
transfer to Rhtzonmeor by Schipper (1978) This information was however overlooked by 
Subrahmanyam (1983) who also provides no details concernmg the presence or the 
absence of corresponding structures in his zygomycete This taxon might smply represent 
a deviant strain of Rhizomucor pusillus 


Stilbella thermophila Fergus — Mycologia 56: 277. 1964. 


This synnematous hy phomycete was first isolated from mushroom compost in 
Sw.tzerland. Optimum growth 1s between 15-50* C, at 55° C, shght development sull 
occurs but such is not the case below 25° C In culture, the fungas produces white 
synnemata, up to 300 jm high bearing whitish glistening mucoid conidial heads, conidia 
are hyaline, continuous, oblong-ellipsoid, 15-17 x 6-10 um. 

Seifert (1985) in his monographie treatment of Sribellu Lindau re examined 
authenue material Conidia were observed to develop from percurrently proliferating 
conidiogenous cells, 1e annellophores, a feature enhancing its exclusion from the genus. 
Additionnal work ıs undertaken to establish the correct taxononue position of this species 
(Seifert, pers. comm.). 


CONFUSING BINOMIALS 


— Achaetomium thermophilum Basu — Current Science 51: 524. 1982. 


The original living strain was isolated from leaf litter at Bhattm. Uttar Pradesh, 
India It was described as bemg similar to Achaeromium macrosporum Raï, Wadham. & 
Tewari but differ by bemg “thermophilic” an nature, although no minimum growth 
temperature had been indicated, 
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Cannon (1986) examined a culture (IMI 292262) derived from the holotype 
Growth and sporulation proved to be satisfactorily at 25° C indicating the fungus is rather 
thermotolerant Áscospores produced were also found to be umporate rather than bipo 
rate as stressed in the protologue and thus matching those af Achuetomiuum macrosporan 
Based on these observations, Cannon concluded the ascomycete proposed by Basu ts 
conspecific with Achaetomium macrosporum, 

Species of Achactomimm Rai & Tewari are known to be good thermotulerants 
(von Arx et ul, 1988) The concept of the genus is however still under debate. Thus von 
Arx er ul (1988) excluded 4 mucrosporum, they also suggested the latter 15 rather similar 
to Chaetomium vitellinum Carter or Ch megasporum Sérgel, 


Calcarisporiella thermophila (Evans) de Hoog — Studies in Mycology 7: 
68. 1974. 


bastonym Caharisporum thermophile Evans Transactions of the Brit.sh mycological 
Society 57: 247. 1971. 


This i5 the type species of the mucedinaceous genus Culcurryporiefla de Hoog 
(de Hoog, 1974) The origimal living culture was isolated from coal spoil tips at Staf 
fordshire, England According to Evans (1971 a & b), the minimum growth temperature 
value 15 16°C, optimum at 40°C and maximum at 50°C The fungus should thus be 
considered a thermotolerant 


Endoblastomy ces thermophilus Odinzowa — Microbiology, Moscow 16: 
273. 1947 (descripion only); Die Systematik der Hefen: ?. 1960 (latin 
diagnosis but no type designated); (nom. inval., Arts. 36.1 & 37.1). 


This ts the type species of Endublastonices Odmzowa The original protolgue 
was not accompanied by a Jatin diagnosis provided later on by Ozindowa m Kudryavtzev's 
book "Die Systematik der Hefen", the german translation of which was published in 
Berlin in 1960, however, Odinzowa then omitted to designate a holotype 

This yeast was isolated from brewing wort inoculated with baker's yeast in a 
bread factory in Central Asta, USSR, it was considered to represent a new thermophilic 
taxon Carmo-Sousa (1970) was unable to locate the corresponding living strain and 
according to him, the original description strongly suggests similarity with Zrzdiosporon 
capitatum Diddens & Lodder This was substantiated by the arrangement of the pseudo- 
mycelium, endoblastospores formation and maximum temperature of growth bemg iden- 
tical in both taxa 

Trichosparon capitatum 15 not thermophilic in the sense of Cooney & Emerson 
being able to develop below 20° C with a maximum at 44-46? C (Carmo-Sousa, 1970) The 
fungus was later on relocated in Geotrichen Link: r and tts perfect state discovered by de 
Hoog et al. (1980). 


Geotrichum candidum Link var. thermoideum Qureschi & Mirza — 
Biologia, Lahore 27: 144. 1981. 


The orginal material was isolated from camel dung ın Pakistan The fungus was 
regarded by van Oorschot & de Hoog (1984) as a possible synonym of Arthrographis 
sulfurea (Grex. Fr ) Stalpers & van Oorschot, a mesophilic hy phomycete. 
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Gilmaniella thermophila Qureschi & Mirza — Biologia, Lahore 29: 341. 
1983. 


The original material developed on goat dung collected in Pakistan The species 
was overlooked by Sivanesan and Sutton (1985) while describing Giimanietla punc tiformis 
and also by Moustafa and Ezz-Eldin (1989) during their recent addition of G miultiporasa, 
isolated from Egyptian soils in North Sinai. These additions brings to five the number of 
known species, 

Gilmanwlla thermophila nugnt be a later name of G macrospora Moustafa, the 
final decision awaits comparison of authentic material. The latter was first encountered 
while investigating the mycoflora of salt-marsh soils of Kuwait TL was also subsequently 
recovered. although infrequently, from Iraqi soils analysed by Abdullah & Al-Bader 
(1990) The Iraqi strains developed optimal growth at 40° C with a maximum between 
35-50" C thus confirming the thermotolerance abilities of Gimumella macrospora 
The specific epithet refers to globose condia being larger than conidia of Gilmuntella 
humicola, the type species, 14-18 jum versus 7-10 um for the latter, 


Lagenidium thermophilum Nakamura, M. Nakamura, Hatai & Zafran 
— Mycoscience 36: 400. 1996. 


The specific epithet coined for this newly described Oomycete 1s misleading. The 
fungus was found to infect the eggs and larvae of the mangrove crab, Se fu serrata 
Forsskal, in Bali, Indonesia Isolated strains proved to represent a new species of Lugen 
diam Schenk having a unique discharge process. Growth range 1s from 15-45? C with the 
optimum being between 30-40" C This taxon 15 thus a fast growing thermotolerant 
fungus. 


Melanomphalia thermophila (Singer) Singer — Atas, Instituto de Mico- 
logia, Universidade de Recife 5: 482. 1963. 


basionym Tubaria thermophila Singer — Papers of the Michigan Academy of Sciences, 
Arts and Letters 32: 145, 1948 


The type specimen of this busidiomycete was collected by the author in the state 
of Florida (USA) at Highland Hammock State Park (Singer F 20, F 20a. FH) The habitat 
an which the carpophore developed was specified as “Ja dumetis subtropicatibus humidis- 
simus ta terra hiumosa sabulosa vel nonmanquam nucibus. Caride megacarpae af xa vel e 
hgno miundo ecrescentes, aestate '. The reason underlying the selection of the epithet 
thermophila seems to have simply been suggested by the very warm to hot humid weather 
prevailing in this southern state of the United States The fungus 1s not a thermophile m 
the Cooney & Emerson's sense. 

Similar cases concern Russulu roseipes (Seer) Sace subsp. therme plula Singer, 
collected under Pinus fuedu m North Florida, and Saltus hirtellus (Peck) Kuntze var. 
thermophilus (Singer) Smith & Thiers (Singer, 1975). 
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Mucor thermophilus Prakash & Sarbhoy — Zentralblatt für Mikrobio- 
logie 148: 531. 1993. 


The specific epithet vomed for this recently described zygomycete 1s misleading 
sine “the species is able to grow and sporulate at 3U* C and above 30° C^ (Prakash & 
Sarbhoy, 1993), however, the minimum and maximum growth temperature values were 
not ascertamed Further the statement that “the specific epithet has been given on 
thermotolerant natare of the species" clearly indicates the fungus .s not a thermophile in 
the Cooney & Emerson's sense. 


Paecilomyces puntonii (Vuillemin) Nannfeldt sensu Eicker (1972): 


The correct bmomnal for this hy phomycete ts Paec Jom ce s puntonu (Vullemn) 
Nannizi (Samson, 1974), 

Eicher (1972) isolated a hy phomycete from the faeces of domestic fowls in South 
Africa strain UP 71 T(Univers.ty of Pretoria) he identilied as Paectlonnces puntont This 
isolate “did not grow at 20° C, neither at 30° C but good growth took place at 50° C No 
perfect state developed on any of the cultures media at the various temperatures of 
incubation used" — Paccdumyces puntoni is a mesophilic fungus with opt.mum growth 
being at 25? C (Samson, 1974). 


Sporotrichum cellulophilum: 


Durand cf ul (1984) clearly specify this binomial correspond to a thermophili. 
fungus, [ts ability to produce mteresting enzymes of the cellulases and hemucellulases 
types were largely investigated by several workers (Kinoshito et al, 1986) However, 
Stalpers in his 1984 rev.sion of Sporetrciwn makes no mention of this binomial in the 
check-list of epithets used m comb.nation with the genus Also publication of this 
binonual after this date following standard taxonomie rules could not be traced It is thus 
evident that Sporotrichum cellulophilum has no taxonomic status. 

W.th regard to Literature on thermophilic fungi, the generic epithet Sporotrichum 
was first introduced by Apinis (1963) for a hyphomycete which ultimately will be renamed 
Micchaphthora tnermopfula, this will also prove to be the anamorph of Corjnascus 
heterothallicus A second Sporomiehum made its appearance in the last decades in papers 
delaing with biotechnological work Sporotrichum prumosum, anamorph of the basidio- 
mycete Phancrochacte chry sosporium. This thermotolerant hyphomycete was deser.bed 
also under several Sporotrichum names (see comment under Phan rochuete ch ysospo- 
rium). It 15 sometimes erroneously indicated as being thermophilic (Deshpande ef al, 
1978). 

The common use of “ghost binomials“ in publications dealing with applied 
studies involving fungi is a source of serious confusion. A s.milar case 15 forwarded by the 
binomial Acremonium ce lhulophilum (Satyanarayana et al 1992) Such a practice should 
be definitely prohibited 


Sordaria thermophila Fields — Mycologia 60: 1117. 1968. 


The original strain of this ascomycete developed on cow dung collected in Texas 
(USA jand incubated in a moist chamber According to the protologue "the spec.fic epithet 
refers toa high temperature requirement for ascospore germination Ascospores of thc new 
species germinated less than 1‘ «on media containing sodium acetate, With an additional 
treatment of 40-45" C fora period of 8 12h, germination was increased to40 ' ^ 
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In the published description no data is reported on the n vitro linear variation of 
growth with temperature. Also the conditions at which moist chambers were incubated are 
not specified (Fields, 1968}, The thermophilic nature of th.s taxon thus cannnot be 
ascertained The selected specific epithet seems to relate to the heat treatment apphed to 
enhance ascospore germination, 

Guarro & von Arx (1987) regarded this heterothallic relative of Sordaria finucola 
Rob.) Ces & de Not. as representing a good species, Further investigations are however 
required to underline the biological and taxonomical characteristics of this ascomycete 
which apparently has not been reported since its description 


Zalerion thermophylii Udaiyan — Journal of Economic and Taxonomic 
Botany 15: 664. 1991 (1992); (nom. inval., Art. 37.1). 


The original material developed on beech wood test blocks immersed m the 
cooling tower and the collecting lagoon of a hydroelectric plant at Tamil Nadu, holotype 
was not indicated 

The dematiaceous hyphomycete genus Zulerion Moore & Meyers was esta 
blished for a widely distributed mesophilic fungus trapped on wood blocks .mmersed in 
sca-waler, Z maritima (Linder) Anastasiou , described before under several names (Elis 
M B. 1976). Zulerion thermophy lu is most probably identical to the type species. The 
epithet “hermophy in must have been suggested by the high temperature of the water 
circulating in the cooling tower. 


DISCUSSION 


Thermophilic fungi dealt with in this contribution are found to form a small 
group of less than forty species and varieties. Growth at high temperatures 15 thus 
defin.tely a rare feature among fungi, Also several of these taxa were described m recent 
years, This ecological group 1s thus expected to expand rapidly in tae near future, in 
particular if some credit 15 awarded to the est.mate amounting the number of existing 
species to one million and half A major emphasis for this trend 1s also embodied by the 
outcome of taxonomic work conducted in the last decades. Such achievements have 
provided adequate answers tor long standing problems. A limited additionnal work ot this 
type is still necessary to solve remaining minor ones. 

Taxa treated here are considered as strict Uhermophiles based on the definition of 
thermophilism provided by Cooney & Emerson (1964) However the use of this simple 
classificatory system to segregate between thermophilic and thermotolerants is sometimes 
difficult to apply, this ts particularly critical at the lower temperature threshold of 20 C 
Thus following Bokhary e al (1984), the well established thermophile Melunncui pus 
ulbomyces should be regarded a thermotolerant being able to grow below 20°C It is 
possible the response of different strains of the same taxon accounts for such deviations. 
Further difficulties in defiming true thermophiles results from the absence of rehab.e 
growth curves covering a wide range of temperatures for most taxa proposed as such This 
basic simple ty pe of data ts needed to ascertain the true nature of few members of this 
group 

Based on available informations, the ability to only develop at high temperatures 
1s disclosed by few Mucorales, Eurotiales and Sphaeriales (sensi von Arx, 1988) and by 
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several Hy phomycetes, No coelomycete and no basidiomeyete was found to be thermo- 
phil Further the teleomorph of the sole thermophiic agonomycete, My rtococctm 
tha mephilum, s bypotnesized not to belong to F arotiales on the assumption tt should have 
made ts appearance since the fungus was deseribed However observations relating to 
maLng experiments of this stente fungas are uncommon in the Lterature 

The group of five thermophilk Mucorales comprise the still. monospecthy 
Theron or and several Rhizomucors including the type, the former differs mainly by 
having smooth ygospores, a character uncommon m the Mucoraceae Also «llthough 
regalar production of zvgospores by. Rhrommienr miha should prevent confusion with 
Rh. pusillis, the type species the ecology of each taxon is not yet clearly understocd 
Further, the valid.ty of both Rn omucor tauris and Rh namtar 8 questioned. 

The group ot ascomycetous fungi brings. together twenty speces and three 
varieties, these relate to only nne genera. Following von Arx (1987. 1988), Duc denne 
Onclusise ot Fierce) and Talrom, ccs belong to Family Or genaccatc, Order Euro- 
lla es, as Coonemeria Was estabashed for tasa previously assigned m Daon tomve s and 
Thiormoascus, then the new genus should also be accomodated m this family The remai- 
nang «IN genera are representatives of Families € zc tomiace«e CChiacromaam. Mu reavca- 
cede {Cameron cest end. Fletayidceue (Cor nasao, Milunecu pas and Thila} 

Dacn lonaces appears monospecific Cunar onn cs and Fhermoascis have one 
species each plus one variety for the latter, now informations about the variety might lead 
to the proposal of a specific rank Cornici and Melania pio have two species each, 
this number becomes three in the case of Crenemeria, Talunmmecs and Pin lavi Chuc 
Doni 1s represented by four species and two varieties but Ch brianna um might prove 
not to be a trae thermoph.le when a living culture becomes avlable Also definite 
taxonomi decisions. about Chae ti nium thomeph laa its varieties and Ch virgam 
might reduce this group to only two accepted spectes, the genas would thus comprise ony 
three thermophiles. 

Not all thermophihe ascomycetes have an assoculed anamorphic state; also 
among these con.dial states some do not develop concomitantly with the corresponding 
Ieleomorph Cananientyec thermophila bas no anamorph although the type was deseribed 
wath a catenate conidial state Thermoph.l. C haetomia do not develop conidia of any 
kind Fhermouscus can be regarded as not having an anamorph produving vatenate 
conidia Duct enr ccs has a distinctive but yet unnamed Peh paecilum anamorph, the 
tungus remains not satisfactorily documented probably due to the taxonomie contusion 
with Thermeascey that prevailed Pol paccrdum anamorphs also characterise Dac hotomo- 
Dao Sato Saito haying 2 -3 described species (von Ars, 1981) The genus also has 
cleistothecia with a wall of fave ungularty type but asui are produced in chains, it also 
belong to Family Zaretiatcue vens von Arx (1987). Afclanocarpiey approximates Cuna 
renns since tespective type species have distinctive conidial states but that of the latter 
is a mesophile The former genus has now four taxa wath the second thermophile. 
M thomi plulus not developing the enaracter.stie arthroconidial state of the type, the 
same s.tuation ts disclosed by the two other members of the genus which do not develop at 
high temperatures. 

Regard.ng the genus Zuelavia, Eh pngrungia has no comdial state, a feature 
characteristic of all known Chaetomidia Th aietreliemsis was reported with an ana- 
morph of the Trichosporielí type, this is developed by other members of the genus 
{Mouchacca, 1973) The fungus is however badly documented being known only from the 
protologue Luelaviu terrestris is associated with à distinctive anamorphic state described 
exclusive of the teleomorph, Acrementent alabunicnse, due to the "homothallic with 
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er we feeding ` nature of the perfect state, the anamorph could be encountered alone in 
studies involving mgh incubation temperatures P/nelayia is still adm.tted to represent à 
heterogeneous entty dic to lack of informations about the behaviour in culture of 
Tho tte Pusicola ty pe species) and production of hyaline and dark coloured colonies by 
known members. 


On the other hand thermopluhe Zi/aronn« es all develop a conidial state, these 
belong ether to Pacciemices UP Py sodann dmidey) or to. Pons illum CT emcrsoni and 
1 thermophilus) Regarding Paccilomiyccy. von Arx (1987) suggested it be expanded to 
imglude Penata of Sections Bnertrcifata and Sagem ila known as anamorphs of 
genera he groaped in Family Om gena. eue, such a proposal was made to increase the 
degree of homogene.ty among genera A similar situation is disclosed by Coom merta and 
Cor nusciós, all three taxa ol the former have a well developed Paecdonnec y state while 
noth species of the latter have anamorphs now correctly assigned to Vicclieplithora. Taxa 
of Coonemeratand Conynasci bad very compheated respective taxonomi histories either 
dee to cases of misidentutieation (species now placed in Coonemne ta) or to the heterothallie 
nature of the Corimasci perfect states, For the latter. it follows that either My cehephibara 
sould develop singly in studies conducted on thermophile habitats with only appropriate 
mating leading to asce spore formation The anamorph of Corynasons here rotmallicus was 
proposed prior to the discovery of the teleomerph while the reverse is true for 
C. thermophilus, 

The proup of thermoph.he hyphomycetes comprises thirteen species although 
tor Scytattdian thenmoplulum, the term species appears inadequate in the present situa 
hon ‘These fungi belong to seven genera Aoremomum Mathranchea Myccliephthora and 
Lhowmopliumatespora. are. mucedinaceous entities. while dematiaceous. thermophiles 
belong to Humicola, Scytalidum and Thermomyces 

Among mucedinaceous taxa, three are established anamorphs of "almost hete- 
rothalli, to heterothallic" ascomycetes and thus could be observed. alone m studies 
1wolving à sel heating process A remonnemn albam nw is the conidial state of The haia 
ren Whose mating behaviour 15 not yet clearly understood This is not a typical 
Teronmonum species and such accounts for its melusion m à new section with phialidie 
states of some Chaetomia. Such is not the case fot forment thermophilum, à not yet 
well documented thermophile The perleet state of Mice frophiriora fergustr is Corviascus 
tucrmophilus and care snould be taken 10 avoid confusion wath the teleomorph of 
M. thermophila © hererathalicuy, the third member M. ummdea has not yet developed a 
perfect state, a situation analogous to the mesophilie type spesies ot the genas. Malhran 
Les eimmimonmca ys à very distinctive colored arthroven.dial fungus actually displaying a 
Aide distribution, it 15 the sole thermophile of à genus known to comprise mesophiles 
sssociated with well defined teleamorphs (von Arx, 1987) Thermupinmatospora hbhuhgera 
s unique with its septal clamp connections and an aleunosporic state, this pecular fungus 
1s apparently still known only from the type locality 

Tne remaining dematiaceous thermophiles were assigned to Hams. ola Sotal- 
vtm and Thormomya s But only the taxonomi status of the latter 15 now the subiect of 
targe consensus Zhermonaecs lunugmosuy i the first assessed tnermophilie fungus. 
lis complex. nomenclatural history has involved. genera as Acn monia Hinicela. 
Monotospora and Sepedonaim The definite re-instatement of Themmonnces by Pugh etul 
1.364) clarified its links with thermophile species of ffameok: The genus now also 
comprises Th thadenses Th stellatus and the mesophilic Th sommes However only the 
type species is by far the most reported one, 
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The status of Humi olu In atethermophila needs to be re assessed in conjunction 
with that of both Aimveola recently proposed as synonyms of Sc ralidum thermophitunr 
(Straatsma & Samson, 1993). The introduction of Scy faftduen m an attempt to relocate 
Tirali thenmnpiila added much confas.on as the transfer was not substantiated by valid 
taxonomie arguments, Hhis combination was however immediately reported by Ellis M B 
(1976) Scvtulad on lignicola, type species of the genus, is 4 mesophile producing cultures 
with santy aerial mycelum The fungus develops conid.ogenous cells of two kinds 
hyaline fertile hyphae become septate, later producing trun-walled arthroconidta by 
fragmentation, brown fertile hyphae forming chains of brown arthroconid.a, also chains 
of brown aleurtospores could be observed (Flis M. B, 1976) These intercalary conidia 
develop by transformation of pre exisung normal hyphal cells The presence of solitary 
conidia terminal or lateral was never reported In Sc rahidum indonesicum chlamydospore 
formation and disarticulauon follow the same pattern but no hyalme arthroconid.a 
develops Here too, terminal or lateral solitary conidia were not reported (Hedger er al , 
1982). 

In species of Himmicola solitary terminal and more commonly lateral aleurtos- 
pores usually develop m add.uon to mtercalury morphlogicaly similar ones Single 
terminal alearespores (and less often lateral ones) may become intercalary by hyphal 
extension of their up. Also chains of aerial or immersed "aleuriospores? do not disarti- 
salate to liberate individual elements but such is achieved by lysis of sustammg hyphal 
cells Further, no hyaline arthroconidia are produced by any deseribed member of the 
genas but mesoph.le taxa rather produces hyaline phialospores. Straatsma and Samson 
(1993) compared a large number of strains assigned to Scy zafidum themephilum, Torda 
ili rmuplila or to both Himni ola now regarded as synonyms of the former They under- 
lined two estreme ty pes sould be rev ognied, the hest having simple very dark spores borne 
on snort lateral branches matching the description of Hunmrcela grisea var. therm idea, the 
second type develop intercalary sightly pigmented spores m chains, representatives of 
Scvtahduen thormopltilum or more appropriately of tts bastonym Turida thermophila 
Within the (wo types however, some iso.ates also develop short terminal chains of conidia 
making them intermediate between types 1 and 2 

Straatsma and Samson (1993) stress such intermediate isolates favours not the 
segregation of taxa “on the basis of the single character of conidia in the aerial myce 
hum” these rather support grouping of all types under one binomial whose placement in 
ScVfeliduan is to be reconsidered As the particular mode of chlamydospore formation in 
this genus deviates from the pattern depicting species of Hionicola, the exclusion of the 
above complex trom the former 1s more than justified. Sey ralidium 15 now regarded a 
heterogenous entity due to addition of species only developing dematiaccous “arthroco 
nidia" Nevertheless, extens.on of Sey talidaam characteristics for the understanding of 
Hupucola species has shadowed features proper to the latter preventing sound taxonomic 
separation among its members, 

From an ecological point of view, the equivocal application of the now widely 
accepted {inspite of its limitations) definitions of Cooney & Emerson (1964) lead to 
consider well established thermotolerants as thermophiles. Ellis D H (1981) regards all 
Rli.opus abie to grow al 45° C as thermophilic although they display growth below 20 C 
These zygomycetes and some other trae mesophilic fungi are also currently considered as 
thermophiles in publications focusing on biotechnological problems {Satyanarayana et 
ai, 19921 Several authors also classify as thermophile all fungi developing in isolation 
plates incubated at 45. C (Abdel Fattah eral, 1977, Moubasher er al, 1988) 
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Another type of m.sleading situations relates to epithets selected while descri- 
bung a new taxon found to develop at elevated temperatures, The recent Mucor thermo- 
philus 15 à good example among others here considered, from the protologue it 15 evident 
tus Mucor should be regarded as a thermotolerant A definitely cr.tical situation 1s 
examplified by the frequent use m studies mvolving fungal enzymes of ghost binom.als 
having no laxonmie status of any kind as Sporotr hum celhdaphiton, such a practice 
needs to be totally banished for the confusion it introduces, in particular while attempting 
to analyse published data (Satyanarayana e7 ul , 1992, Schekkar & Johri, 1992) 

Strict restri ion to nomenclatural rules governing citations of fungal binomes is 
fundamental Authors of applied research dealing with thermophiles should necessarily 
follow such regulanons m order to stabilize names used in produced articles This would 
bring an end to the chaotic state prevaihing especially in publications relating to fungal 
ecology and biotechnology The taxonomic and nomenglatural reappraisal of known 
thermophilic taxa here undertaken will definitely unravel informations already available 
This should enable a sound synthesis of published data and foster the discovery of new 
elements of this interesting physiological group of fungi. 
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INDEX OF CITED GENERIC AND SPECIFIC EPITHETS: 


Absidia 
Achactomium 
macrosporum 
thermoplulum 
Acremoniella 
Acremoniella sp 
thermophila 
Acremonium 
Acremomum section Nectrioidea 
alabamense 
cellulophilum 
thermophilum 
Allescheria terrestris 
Aphanoascus 
Arthrographis sulfurea 
Burgoa 
Byssochlamys 
Byssochlamys sp 
Calcarisportella 
thermophila 
Calcarisporium thermophile 
Canariomyces 
Canariomyces notabilis 
thermophilus 
Cephaliophora tropica 
Cephalosporium 
Chaetomidium 
thermophilum 
Chaetomidioides Section 
Chaetomium 
britannicum 
megasporum 
mesopotamicum 
thermophilum 
thermophilum var, coprophile 
thermophilum var, dissitum 
vitellinum 
virginicum 
Chrysonlia 
Chrysosporium 
fergusn 
lignorum 
prumosum 
thermophilum 
Citromyces sphagmicola 
Coonemeria 
aegyptiaca 
crustacea 
verrucosa 
Corynascus 
heterothallicus 
novoguinensis 


thermophilus 
Dactylomyces 
crustaceus 
thermophilus 
Emmonsia 
brasihensis 
Endoblastomyces 
thermophilus 
Geosmithia emerson 
Geotrichum 
candidum var. thermotdeum 
cinnamomeum 
Gilmamella humicola 
punctiforrms 
macrospora 
multiporosa 
thermophila 
Gymnoascaceae 
Humicola 
brevis var thermoidea 
brevispora 
fuscoatra 
fuscoatra var. nigra 
fuscoatra var. longispora forma insolens 
gosea 
grisea var indica 
grisea var, thermoidea 
hyalothermophila 
insolens 
insolens var. thermoidea 
lanuginosa 
lanuginosa var catenulata 
nigrescens var thermorongeura 
stellata 
Lagenidium 
thermophilum 
Malbranchea 
cinnamomea 
pulchella 
pulchella var sulfurea 
sulfurea 
Melanocarpus 
albomyces 
coprophilus 
oblatus 
thermophilus 
Melanomphalia thermophila 
Melanospora 
Microsporon 
Minimedusa 
Monotospora 
dalae 
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lanugmosa 
Mucor 
buntingi 
hagemn 
mmehe; 
muriperda 
parasiticus 
pusillus 
septatus 
tauricus 
thermo-hyalospora 
thermophilus 
Myceliophthora 
fergusn 
hinnulea 
indica 
lutea 
thermophila 
Myniococcum 
albomyces 
praecox 
thermophilum 
Onygenaceae 
Paecilomyces 
aegyptiacus 
byssochlamydioides 
crustaceus 
puntonn 
taitungracus 
variotil 
Paecilomycopsis 
Papulaspora 
byssina 
thermophila 
Penicillium 
dupont 
emerson: 
thermophilum 
thermophilus 
Phanerochaete chrysosporium 
Polypaecilum 
Polypaecilum sp 
Rhizomacor 
endophyticus 
miehet 
namitalensis 
pakistanicus 
pusillus 
septatus 
tauricus 
variabilis var regulanor 
yariab.lis var variabilis 
Rhizopus 
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Rhizopus sp. 
parasiticus 
Russula roseipes subsp. thermophila 
Scytalidium 
allahabadum 
indonesicum 
lignicola 
thermophilum 
Sepedonium 
lanuginosum 
Sporotrichum 
aureum 
cellulophilum. 
dehradunense 
pruinosum 
pulverulentum 
thermoplulum 
Sordaria fimicola 
thermophila 
Sulbella 
thermophila 
Suilius hirtellus var. thermophilus 
Talaromyces 
section Emersonn 
bacillosporus 
byssochlamydioides 
dupont 
emersonu 
leycettanus. 
thermophilus 
Thermoascus 
aegyptiacus 
aurantiacus 
aurantiacus var levisporus 
crustaceus 
crustaceus var verrucosus 
1satschenkor 
tartungiacus 
thermophilus 
Thermotdeum 
sulphureum 
Thermomucor 
indicae-seudaticae 
Thermomyces 
Ibadensis 
lanuginosus 
stellatus 
verracosus 
Thermophymatospora 
fipuligera 
Thelavia 
albomyces 
australiensis 
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heterothalhca 
minuta 
minuta var thermophila 
pingtungia 
terrestris 
thermophila 
Tieghemella munperda 
Torula 
thermophila 
Trichosporiella 
Trichosporon capitatum 
Trichothecium cinnamomeum 
Tubaria thermophila 
Zalenon 
maritima 
thermophylu 
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